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FOREWORD 
This manual contains basic technical and practical 
information based on the curriculum outline for the 
Radio Service Department of this school. The subject 
matter covered in this manual is necessary information 
that the radio man must learn in order to master the 
jobs that will be oe ale and to qualify for Radio 
Service in the field. 


The purposes of this instructional manual are as 
follows: 


1. To provide a guide for the student in his class 
and shop work. 


2. To supply information in outline form to which 
the student may add supplemental notes in his 
own words as the different points are explained 
by instructors. 


3. To serve as a reference both to the student in 
school and to the graduate after he enters the 
field. 


Appreciation is extended to the Radio Service per- 
sonnel and to the entire faculty for developing the 
material for this manual. 


B. W. Cooke, 
President. 
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INTRODUCTION 


The purpose of this school is to train men for the field; therefore, the main 

- emphasis is placed on practical application. Some technical information, how- 
ever, is important to the practical man. Necessary technical information will 
be given in the lecture room. 


You will learn by doing, so you will gain experience in proportion to the effort 
that you put forth. 


A, report sheet with all blanks filled in properly must be turned in by each stu- 
dent for every job completed. | 


Be sure that any discrepancy in the receiver, such as eb aerhiig knobs, dials, etc., 
is noted on your requisition when you get the receiver, otherwise you may be 
charged for the missing part. 


Do not rush through the jobs. Try to get as much out of every job as you can. 
Experience is the best teacher. 


Instructors may not locate the trouble for you, but they will help you with any 
Rep that gives you difficulty. 


It is sometimes hard to conceal the troubles which are put into the set. Even 
though you can see where the trouble is, you should still go ahead with the reg- 
ular procedure as though you couldn't see it. Sets in the field which have 
trouble in them, will, for the most part, look exactly like operating at there- 
fore you can not always locate the trouble by visual inspection. 

Your meter is your stethescope, so to speak, by which you will determine what is 
wrong with the set. We want you to get the experience of using the meter and 
other testing equipment to find the trouble instead of wsing visual inspection. 


Questions on the report job sheet must be answered in the shop when you do the job. 


A shop instructor should be shown just how the trouble was found and the exact 
test which indicated the trouble should be noted on the job sheet. 


At the bottom of every job sheet, the condition of the set "operating or not oper- 
ating" should be noted under your signature. If the set is not operating, the 
trouble left in the set should be noted on the job sheet. 


The job card will be punched by a shop instructor and questions will be given by 
the instructor when you have completed the work on the set. 


When the job sheet has been checked at the trouoble shop and the desk, it will be | 
N _ stamped "Service" and returned to you via the file at the front of the ee ee S 


You should then show the corrected job sheet to a shop instructor (preferably na 


one who signed it) and receive further credit. This final credit indicates that 
the job is complete and credit has been given for it on our books. 
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GENERAL INFORMATION ON PROCESS OF TROUBLE 
SHOOTING IN THE SHOP 


Objective 


To obtain general information on the step by step process to be used when shooting 
trouble in the shop. 


References 


4) 


Lesson Content 


A. Removal of the Chassis from the Cabinet 


When removing the chassis from the cabinet, be careful to preserve the hardware. 


When you turn the chassis upside down on the bench, be sure the dial pointer is 
not touching the bench, otherwise, when you turn the tuning dial, you will bend 


the pointer or break the dial cord. Do not use force when removing chassis from 


the cabinet. Handle the chassis carefully and remember that it is delicate ap- 


paratus and very easily damaged. In the field, this operation is sometimes per- 


formed in the home especially if the set is a large floor model. 


The customer will probably be watching this step and will judge you by how deftly 


you go about this job. Avoid scratching the cabinet. Customers, as a rule, are 
very touchy about. this. Learn to be careful and thereby avoid un-necessary dam- 


age. If a lot of wires have to be dis-connected when removing the chassis, it is 


well to make a little chart or diagram showing where all the wires go and take 
this with you when you re-install the set. 


B. Tube Testing 


When testing the tubes, be sure to follow the precautions given in earlier les- 


-gons. Be sure the filament selector switch is set to the right voltage before — 


plugging in the tube to be tested. Some tubes require more than one test. 


Follow the directions for the tube tester which you are using. The short test 
should always be made first. Tube testers can be damaged and tubes burned out 
while testing unless precautions are observed. 


In the field, it is a good practice to place a sticker on each tube tested. The 


condition of the tube and the date it was tested should be marked on the sticker. 


} 
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C. 


B+ to B- Resistance Test 


Always take a resistance test from B plus to B minus to see if it is safe to plug 
the receiver into the a-c line. This is a fool proof test and if it is practiced 
will avoid unnecessary damage. There are other methods that can be used. As an 
example, a watt hour meter may be connected to the service bench and when the set 
is plugged in, the rotating wheel is watched closely and if it turns very rapidly 
the set should be turned off quickly, because this indicates that the set is : 
using too much wattage caused by a short in the power supply. 


The Rider's Chanalyst has a wattage channel that may be used for making the above 
test. If there is a short in the power supply, it must be found and corrected 
before any further tests can be made. When a power supply short occurs, it is 
usually the only trouble in the set and the set will operate, when fixed. 


. Resistance Testing 


Make a complete resistance test of the entire receiver. If you do not have a 
correct set of resistance readings on the set you are working on, then you will 
have to calculate the resistance values by referring to the schematic diagram and 
compare them with meter readings. 


In case you get the same receiver for two different jobs, this reading will only 
have to be taken once, the first time you have the set. Unless you have an ohn- 
meter that will read at least five million ohms resistance when readings are 
taken from grid to ground, the test will have no value because these resist- 
ances are usually quite high. 


. Voltage Analysis 


Make a complete voltage analysis of the entire set. Circle the wrong readings in 
red. Use your regular shop meter for these readings. Voltage readings in dead 
sets may be taken to chassis or to floating ground. 


Zero voltage in this case will usually indicate the trouble. When taking voltage 
readings in a set that operates, but does not operate satisfactorily, these read- 
ings should be taken to cathode and compared to correct readings as shown in the 
tube manual. (The reference set up by the R.M.A. is the cathode or emitter). 


Some manufacturers! data sheets have voltage charts using the chassis as the com- 
mon reference while others use the cathode of the tube as the reference point. 
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F. If the trouble is of a nature that the tests you have made so far reveal the 
trouble, show the instructor what the trouble is and how you found it. Make this 
notation on your report sheet. | 


Tf you have not yet located|the trouble proceed to the next step. 


G. Signal Tracing 


Signal trace by any method that the job calls for and show the instructor what 
you found out by this method. 


Some of the different methods of signal tracing are as follows: 


Disturbance test, signal generator, signal tracer, and Rider's Chanalyst. In all | 
these methods the signal is applied between grid one and the cathode. The trouble — 
_ will exist between the tube where you hear the signal and the tube where you do J 
\ not hear the signal. , 


H. Locating Faulty Parts 


Determine what part between the two tubes is causing the trouble by making addi- 
tional resistance and voltage tests on the parts between these two points. If 
open capacitors are suspected, connect a good capacitor across the one suspected. 
As a general rule parts between these two points can be tested without dis-con- 
necting them from the circuit in which they are connected. In some cases, how- 
ever, the bad part cannot be located that way. It might be necessary to dis- 
connect the part on one end before it is tested. 


I. Set Repairing 


Repair the set if the job calls for it. In some of the sets you will work on, 
the trouble may not be repaired and this will be left in the set permanently. 
In this case the instructor will advise you. 


The one trouble that has been left in the set should be noted on the report sheet. 
The job report sheet will also be marked "Set Not Operating". 
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J. 


Re-Aligning 


Re-align the set if the job calls for it. In the shop we will have some jobs. 
that call for alignment and some that don't. Get specific instructions from the 
instructor who checks your job. In the field, the aligning should be done on all 
radios if the customers so request it and an extra charge made. 5p yeneeanrs see SH 


. Installing the Chassis 


Re-install the chassis in the cabinet and see if it still operates. If this is 
done in the customer's home, be sure you have the proper tools with you to per- 
form this job. 


. Questions Given on the Job 


Copy the questions for the job, as given you by the- instructor, on the back of 
the report sheet. Answer the questions in the shop and have them corrected by an 
instructor, who will then give you one punch on your card for a job satisfactor- 
ily done. 


nc ees eee ee ee SE Ee SE ae, , SN Re aa eM ES 


. General Job Information 


Your Job Sheets in the back of this book contain step by step procedures for each 
job. In general, however, you will return each set and report sheet to the 
trouble shop and then proceed to the next job. ‘s 
Get your report sheet back from the file in front of the department, note any 
corrections or notations, and get a second punch on your card for the job. Any 
instructor on the floor, preferably the one who signed the job, will punch your 
card. , 
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TROUBLE SHOOTING INSTRUCTIONS FOR USE IN THE FIELD 
jective 
obtain an overall step by step procedure to be used when called upon to service 


radio in the field. 


ferences 


_ 


sson Content 
Introduction 


The first thing to do when called upon to service a radio will differ depending 
upon whether or not the customer brings the radio to your store, or if you go 
out into the customer's home and bring the set into your shop. 


Small AC-DC sets are usually brought to the wenyics shop, but the larger cabinet 
type.radios are either serviced in the home or the service man should go to the 
home, take the radio including the speaker out of the cabinet, take it to the 
store for servicing, and then take it back for re-installation in the cabinet. 


Generally speaking, it is not good policy to service the radio in the home unless 
you are specifically equipped for that kind of service. Also, you can usually 
do a better job if the customer is not around to watch your every move. 


1. If you go out to the customer's home, be sure to see if the power is being 
delivered to the set. In many cases the only trouble is that the fuse is 
blown on the circuit into which the radio is connected. Before you re-place 
the fuse, you will have to find the trouble and repair it, otherwise the fuse 
will blow again as soon as it is replaced. Sometimes, the a-c plug is not 
making good contact in the receptacle and should be replaced. If the plug is 
replaced, be sure to replace it with a new spring type which insures a good 
connection at all times. 


2. Question the customer regarding the symptons. You should find out if the set 
is dead, intermittent, etc. Many times a misunderstanding can be saved by in- 
telligent questioning of the customer before servicing the set. 


3. When the chassis is removed from the cabinet, be careful not to scratch the 
cabinet. Preserve the knobs and hardware and make a little sketch or chart 
showing where any dis-connected wires go, so that you will have this for ref- 
erence when the set is replaced in the cabinet. Also avoid damaging the set 
while in transit from the house to the shop and back again. 


4, Be sure to explain to the customer about aligning the receiver. It should be 
aligned every six months or so due to temperature changes and tubes changing 
their characteristics, due to age and use. Explain that an extra charge will 
be made for aligning. If you do align the set, be sure to use a signal gener- 
ator and do a good job. Never attempt to peak the i-f by ear. You may throw 
the set out of alignment more then it was. 
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B. Sets Brought In By The Customer 


ti 


a— - - -- —_- | —_— 


If the customer brings the receiver to your shop for servicing, it is consid- 
ered good practice to test the tubes while the customer is there to avoid any 
distrust or bickering on this topic. Bad tubes are replaced while the cus-~ 

tomer is present, unless he indicates otherwise. If the tubes are all right, 
the customer is then told that the radio has other troubles. If requested by 
the customer an estimate of repair cost is then given. 


If the set contains fuses, they should be tested. Before replacing burned out 
fuses be sure to find out why they blew. Be sure to use the right size radio 
fuse, not an auto fuse. If the right size is not available it may be shorted 
temporarily for testing with a piece of wire. 


CAUTION: After the trouble is located and corrected, the short across the fuse 
must be removed. The set should not be turned over to the customer 
until a fuse of correct rating has been installed. 


If the trouble in the set is reported as noise, be sure to get a definite in- 
dication from the customer as to the nature of the noise. Be sure the trouble 
is not coming from the outside or over the a-c line. 

(A separate lecture on noise elimination will follow.) 


. Take a resistance test from B plus to B minus to see if the set is safe to 


plug into the a-c line. 


If this resistance is below 5,000 ohms on an a-c set, 3000 ohms on a d-c set, 
the indication is that a defect exists in the power supply. This trouble 
should be located and repaired before any further testing is done which nec- 
essitates plugging the set into the outlet. 
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ee 


Bp} 


If the set is dead, the trouble, in most cases, can be found by taking a volt- 
age and resistance test and this is usually the next step. 


Dead sets will, in most cases, reflect in a Zero voltage reading on some ele- 
ment in the tube. The exception being in the case of an open coupling capac- 


‘itor or if the set is so badly out of alignment that it will not operate. 


. If the trouble cannot be found by that method, the next thing to do is to sig- 


nal trace to determine between what two tubes the trouble exists. 


® 


. After the trouble has been localized between two tubes, all the parts between 


the two points must be tested for opens, shorts, or partial shorts or opens. 


. After the set has been repaired, it is then aligned, if the customer has so 


requested. 


: The set is then replaced in the cabinet and re-tested for good operation. 
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Summary Questions 
1- What should be determined first if you find a blown fuse? 
2- How can you insure remembering where to reconnect disconnected wires? 


3- What is the method called that determines between what two tubes the trouble 
is? | oe 


4- Should the customer be questioned at all about the trouble? 


5- Is it OK to replace the fuse in a radio with an auto fuse? 
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SIGNAL TRACING 


Objective 


To obtain information concerning the different methods used in Radio servicing to 
localize the trouble between two tubes. 


References 


Lesson Content 
A. Signal Tracing 


Signal tracing is the general name given to the process of localizing the trouble 
between two certain tubes. After the trouble has been localized, we may concen- 
_trate on that area to find the trouble instead of testing.all.the parts..in.the... 
entire set which would take too long and be impracticable. 


In order to explain what we mean by signal tracing, let us go back to the farm 
for an example: - Suppose that there is a windmill that pumps water into a tank 
and that there is a tile connecting line underground from this tank to another 
one out in the field about 500 feet away, Fig. 1. The farmer finds, on a certain 
day, that there is no water in the tank out in the field, but that the windmill 
is pumping all right and that there is water in the tank underneath the windmill. 
He comes to the logical conclusion that the line is clogged somewhere between the 
two. tanks. 


This can be likened to a radio that is dead. We know that the broadcasting sta- 
tions are on the air and that radio waves are coming across our antenna, but 
there is no response in the loud speaker or headphones. 


Now the farmer doesn't want to dig up the entire line from the windmill to the 
tank in the field, neither do we want to test all the parts in the radio separ- 
ately for that would take too much time. 


In order to save time the farmer will dig a hole a short way from the tank in 
the field and pour water into the line and see if it comes out in the tank. If 
it does, he knows that the line from the test point to the tank is all right and 
that the trouble is further along the line. He digs successive holes and pours 
water into the line until he comes to a place where the water will not flow into 
the tank in the field. The trouble will then be found between the last two test 
points to the line. All he has to do is to dig up the line between these two 
points to find the trouble. 


In a similar manner, signal tracing is used to determine between what two tubes 


the defect exists and is preventing the signal from being reproduced in the 
speaker. 
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B. Using The Signal Generator For Signal Tracing 
1. The signal generator is a device that produces three kinds of signals namely: 
a. A - audible signals. 
b. RF - Signals higher than the audible range. 


c. Modulated signal - where the RF is modulated with a 400 cycle signal to 
‘produce an audible signal. 


2. The frequency of the RF signal output can be selected by a range selector 
switch and a dial pointer. 


3. The strength of the output can be controlled by an attenuator. 


4. The signal output can be applied to any part of the radio by use of leads with 
probes. One lead should be grounded and the other ungrounded. 


d. Instructions 


a. Set the signal generator selector switch to AF. This will make the output 
of the signal AF which we will now use to test the a-f stages of the re- 
ceiver. 


b. Connect the grounded lead to the chassis of the radio and the other one to 
the control grid of the output tube next to the speaker. If the set has a 
floating ground the grounded lead should be connected to the cathode of the 
tube under test. 


fc. The signal generator is now plugged into the a-c line and the switch turned 
Z ? 


om” ; 


d. If an audio signal is now heard in the speaker, three conditions are indic- 
ated: | , 


_ 


1) The speaker is all right. 


2) All the circuits from the point of application to the speaker are work- 
ing. 


3) The signal generator is working satisfactorily. 
- NOTE: Be sure your testing equipment is working and in tip-top shape. 


e. Starting from the speaker and working towards the antenna the right signal 
is applied to the different stages of the set and results noted in the 
speaker. An a-f signal should be used in the a-f stages of the set. A 
modulated signal should be used in the detector stage. A molulated i-f 
signal (RF of the right frequency) should be used in the i-f stages and a 
modulated r-f signal should be used in the r-f stages. The signal is al-— 
ways applied between the control grid and the chassis or cathode. 


f. The trouble will be found to be between the tube, where the signal is heard 
in the speaker or headphones, and the point where it cannot be heard. 
g. All the parts between these two points should then be tested. 
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Fig.2 lLocalizing trouble in a radio receiver using a signal generator. 
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6. The attenuator on the signal generator must be kept as low as possible consis- 
‘tent with good hearing when _using this method because, if the output of the 
Signal is too high, it is possible to force a ‘signal through a dead stage. It 
must of course, be fairly high when you are testing the a-f stages close to the 
speaker but you should be able to turn down the volume still more as you pro- 


gress towards the antenna. 


7. If an i-f signal is heard all the way back to the antenna but the receiver is 
still apparently dead to stations, the trouble will be found found to be i in the Os- 
cillator stage. All the parts of the oscillator stage ‘should + then be tested. 


8. The Signal generator can also be used to prove definitely whether or not the 
oscillator stage is at fault, by substituting t the signal generator for the 


Ine tte OL tah Se, 
es 


the ‘i-f. ar, when doing this, the set ‘operates, 1% proves definitely that the 


SOPs nemeye ea Ke 


oscillator <a at fault. 


9. One advantage of this type of signal tracing over other types is that the set 
can be aligned as you go along, then you will know that not only is the set 
operating from the point of application to the speaker but it is also aligned 
properly. 


C. Signal ineactis Using The P! Philco Dynamic _ Tester Or The Precision n Signal Tracing 
Ins trum Sn, a ee ere 
neuen \ x 


1. These devices consist of a detector and two or three stages of a-f amplifi- \ 
cation and a speaker which has an adjustable output. ) 


2. The detector is usually inside of the probe to assure minimum signal loss or a. 
spurious signal pick-up. 


3. The device can be connected to any part of the radio by means of probes one of 
which is grounded and the other ungrounded. 


4. General Instructions , . 


fall 
The use of the two instruments mentioned above is similar to the use of a 
signal generator for signal tracing. _In using.these.instruments, however, in- 
_stead of starting at the speaker and working towards the antenna, we re start at 
the “antenna and work toward the speaker. 


The signal tence is substituted in place of the circuit to be tested and the 
signal passed through the tracer. The trouble will be localized between the 
point where the signal can be heard in the signal tracer, which has a speaker, 
and the point where it can not be heard. 


If there is a strong broadcasting station nearby which can be tuned in readily, 
the signal from it can be used in this method, otherwise the signal sa aa oe 
must be used to produce the signal. 


After the trouble has been localized between two tubes, the different par be . 
between the two points must be tested. — 
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D. Signal Tracing By Using The Disturbance Method 


1. The only thing that is used for this method is a short piece of wire, or you © 
may use one of the test leads on your meter... 3 


2. Starting at the last tube, the one next to the speaker, the control grid is 
athode with the , wire or test.lead... A definite click will be 


IRL 


heard in the speaker if the ‘circuit is functioning properly. 


a Continuing from the speaker to the antenna, the control gridof éach tube is. 


a NORE GE OES 


“Bhorted to cathode. The trouble will then be localized between the point 
where the | Click is theard and where it can not be heard. 


4. Parts between the two points must now be tested. 


HE. Summary Questions 


1. When using the signal generator for signal tracing where do you start? 
2, When using the signal tracer where do you start? 
3, When signal tracing by the disturbance method where do Sa start? 


4. When using the signal generator for signal tracing should the output be capt 
high or low? 


5, What is the purpose of signal tracing? 
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SIGNAL TRACING USING SIGNAL GENERATOR & A PHONO PICK-UP - 
, CONSTRUCTION & OPERATION OF PHONO PICK-UPS 


Objective 


To learn how the signal generator and phono pick-ups can be used as a signal tracer 
unit and how to connect phono pick-ups into radio receivers. 


References 


Lesson Content 
A. Signal Tracing in the R-F Section. 


The signal generator is used in connection with a turntable, record, and phono 
pick-up. The output of the pick-up is fed into the "external modulation" jack 

of the signal generator and its output adjusted to some frequency in the broad- 
cast band. The music from the record will be imposed on the r-f output of the 
signal generator thereby resulting in amplitude modulation. The receiver is tuned 
to the frequency of the signal generator in the same manner as it is tuned toa 
broadcast station except that now the music will come from the record on the pick- 
up. The output of the signal generator should be kept very low and the output 
applied to the grid of the r-f stage under test. If a signal is clear on one 
grid but distorted on the next, the distortion has been introduced between the 

two grids. The music can be played through the receiver at different frequencies 
and the results noted. When checking the i-f stages, the signal generator output 
will have to be adjusted to the i-f frequency. 


> 7 Ps) ye 4 - 
a OF otc Py ane” ap ae 
Ss o3 pa eo ff j ee Mt a boo” i * $72 ta 7; i. - “ i 2 a toes Po Fs Z ee oh 
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B. Signal Tracing in the A-F Section. 


The signal generator is not used. The output of the pick-up is applied to the 
various grids of the audio amplifiers and the result checked for the presence of 
the signal, quality, etc. For best results with this method, the pick-up should 
have an output voltage of about three volts, although fairly good results can also 
be had with pick-ups of lower voltage outputs. 


4 ; Lf : is 
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C. Purpose and Operation of a Phono Pick-up. 


‘In order for the sound recording on a phonograph record to be reproduced and heard | 
by the human ear, the variations in the record grooves must be changed to mechan- 
ical variations, then changed to variations in electrical pressure. 
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The phono pick-up is.a device used.to. change mechanical vibrations to variations 
in electrical pressure. 

Operation - the needle, tightly attached to the pick-up unit,is placed with its 
sharp point in the record groove. As the record revolves, the needle will follow 
the narrow groove. The needle will vibrate due to the variations impressed in the 
record groove. The needle vibrations are changed to variations in electrical 
pressure in the pick-up unit. Refer to Fig. l. 


. Types of Phono Pick-ups. 


1. Magnetic phono pick-ups (Fig. 2) 


The magnetic type of pick-up unit makes use of the principle of varying reluct- 


ance of the i cna “a Gia (rz +i 


The magnet is equipped with soft iron poles which are slotted so that a solen- 
oid may be inserted between the poles of the magnet and supported by the pole 
pieces. An armature of soft iron is inserted inside the coil and, at the 
bottom, is attached to the pivot which will center the armature between the 
poles of the magnet at this point. A needle is attached to the end of the 
armature. 


At the top end of the armature will be found a damping block consisting of a 
rubber gromet placed around the armature and held in place by a bracket which | 
is an adjustable mechanical centering device for centering the armature. 


The needle which is attached to the armature will follow the record grooves 
and move the armature back and forth at the same variation which appears on. 
the record groove (audio variations). As the needle causes the top of the 
armature to be moved closer to the north pole, the magnetic field will pass 
DOWN through the armature from the north to the south poles because of the 

low reluctance of the armature. This is shown by an arrow,"A", Fig. 2. This 
instantaneous change in magnetic field will induce a voltage in the coil caus- 
ing the electrons to flow within the coil and through the primary of the trans- 
former, thereby transferring the energy into the secondary of the transformer 
and to the grid of the first tube. 


As the needle causes the armature to move in the opposite direction, the top 
of the armature will come closer to the upper south pole, thereby allowing the 
magnetic field to pass UPWARD through the armature which developes a voltage 
across the coil in the opposite polarity causing an electron flow in the 
opposite directions in the coil and primary of the transformer. The pick-up 
has now produced an a-c variation in the primary of the transformer. This 
variation is transferred to the secondary and to the grid of the amplifier 
tube. This process is known as varying the reluctance of the magnetic field. 


2. The action of Photo electric phono pick-up (Philco beam of light). 


The photo electric pick-up depends upon the varying amount of light which is 
reflected from a mirror to a photo electric cell. 
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a phonograph record. 
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Construction - a tiny light bulb is mounted in the end of a tube. To prevent 
hum, the light bulb is lighted by radio frequency energy. The entire unit 
consisting of the bulb, lens, and aperture is mounted in the tube. The tube 
is adjustable to control the size of the beam, and the angle at which the light 
strikes the mirror. The beam is then reflected to the light sensitive photo 
electric cell. The light is focused on the mirror which is mounted on a brack- 
et and attached to the record playing needle. 


Operation and adjustment - the light source is adjusted so that the beam of 
light falls half on and half off the photo electric cell. This will generate 

a certain voltage in the photo electric cell. When the needle, which is 
attached to the mirror, is placed in the record groove, it vibrates the mirror 
mechanically in accordance with the undulations in the groove. When the 
mirror is vibrated in this manner, it causes a larger or a smaller amount of 
light to fall on the photo electric cell thereby generating a varying audio 
voltage at an a-f rate which is then fed to the audio amplifiers. The correct 
adjustment for this type of pick-up is to have half of the beam of light on the 
photo electric cell when the needle is not resting on the record. This is done 
by adjusting the angle of the tube. 


. Cobra Pick-up (Zenith) 


The cobra type pick-up unit makes use of a varying amount of loss in an r-f 
coil. The varying.loss is obtained by changing the position of an iron vane 
in the r-f field. 


Construction - The Zenith cobra has a stylus attached to a steel vane. This 
vane is placed across the end of the coil in the path of the r-f field. The 
r-f field induces an r-f voltage in the steel vane thereby producing eddy 
current losses. The amount of loss changes with a change in the position of. 
the vane. The amplitude of the voltage across the coil varies indirectly with 
the amount of loss. When the stylus follows the groove of the revolving record 
the vane vibrates and causes the r-f voltage output of the coil to be amplitude 
modulated at an audio rate. 


This pick-up is used with a circuit similar to Fig. 3. The first triode is a 
Hartley oscillator tuned to about 2.5 megacycles and it is also a grid-leak 
biased detector. 


The second triode is a straight audio amplifier. 
The r-f amplitude at the first grid is 1.5 volts. The audio voltage is only 


O.01 volts due to the low modulation percentage. Mechanical and electrical 
components are designed for a 4,000 cycle cut-off. 


. Crystal Pick-up. 


A large portion of present day phono radio combinations make use of the crystal 
pick-up due to its frequency range, light needle pressure, and simplicity in 
servicing. . 


Construction - Fig. 5 shows construction of one type of crystal pick-up. The 
crystals and the needle holder are floating in rubber gromets on either side 
of the needle holder. 


Operation - the basic operation is the same as the crystal microphone. 
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It employs piezo-electric effect which is the property of a crystal to gener- 
ate voltages when subjected to mechanical vibrations. Electrically, the. 
crystal is the equivalent of a capacitor of about 1,500 mmfd. The impedance of 
the device, therefore, is quite high (100,000 ohms at 1,000 cycles and 1 megohm 
at 100 cycles). The lower the frequency the higher the impedance. 


The crystal pick-up may be thought of as a voltage generator which requires a 
very high impedance load so that the greater part of the generated voltage at 
audio frequencies will appear across the load. 


The voltage output of crystal pick-ups varies from ,»5 to 5 volts. 


The crystal can be damaged by dropping, applying heat, or connecting into a 
circuit that would apply a high voltage across the crystals. 


E. Phono Pick-up Connections to Receiver 


Experience has shown that for home reproduction on sets with good speakers, most 
listeners prefer the elevated bass response. For this reason, for the best re- 
sults the terminal impedance should be about 0.5 megohm or more. The serviceman, 
therefore should make certain that the point of connection to receiver or ampli- 
fier presents a sufficiently high resistance to the crystal pick-up. 


If a small speaker is used, elevated bass response will result in bad distortion 
due to excessive speaker stiffness and poor radiating ability at low frequencies. 
The remedy is to reduce the bass response of the pick-up by supplying a 0.5 
megohm, a 0.25 megohm, or an 0.1 megohm resistor. 


Fig. 6 graphically shows that the crystal pick-up impedance is highest at the 
low frequencies. The choice of load resistor will directly govern the low fre- 
quency response. 


| Fig. 7 graphically shows the choice of load resistor that will give 0.5 megohms 
or more elevated bass response which the average listener prefers. 


PRECAUSTION: Be very cautious when installing or replacing a crystal pick-up. 
Do not hold the soldering iron on the pick-up terminal contacts 
longer than necessary because the crystal may be damaged. 


Many radio receivers have provisions for a phono pick-up. This provision will be 
terminals or a phono jack on the rear of the chasis. It will also provide a means 
of switching the radio off while the phono is playing and switching the phono off 
while the radio is playing, using the volume control potentiometer to control both 
units. Fig. 7B. 


Proper connections and switching of phono pick-up may be selected from Fig. 8 
through Fig. 38. The contacts shown can be used on.a rotor-switch or any type 
switch that may be employed. 


Troubles - in some cases, the volume control of the receiver may have a tone com- 
pensating tap and associated circuit in which case the output from the amplifier 
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may be distorted due to the phono connection, If this occurs, disconnect the tone 
compensating circuit and test the phono. If the distortion is cleared up, make 
provisions for switching out the tone compensator when the phono is playing. 


At full volume,-high grade amplifiers are very commonly overloaded by the pick-up. 
In this case, the volume control must be set very low and at a critical position. 
It will be necessary to connect a shunt capacitor of 0.001 mfd. or larger across 
the pick-up. Increase the capacitor with the full volume on until there is no 
over loading apparent to the listener. 


NOTE; The bass reproduction during this test should be the determining factor 
for the size of the capacitor. Listen to the bass very carefully and 
increase the size of the capacitor until the bass clears up. 


To make provisions on older types of radios for phono pick-up connections, it may 
be necessary to make a few circuit changes. NOTE: When a crystal pick-up is being 
employed, no transformer is necessary. 


Connect the crystal pick-up to the grid of an audio stage across a resistor of 
0.5 or more megohms which may be the radio volume control. Make certain that no 
low impedance circuits are across the pick-up. 


If fixed bias is employed on the amplifier tube to which the pick-up is connected, 
be sure a blocking capacitor is employed between the pick-up and the grid of the 
tube. This will prevent the bias voltage from appearing across the pick-up unit. 
This is illustrated in Fig. 7. 


F, Summary Questions 
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2. Explain in your own words the principle of operation of the magnetic, the 
photo electric, Cobra, and crystal cay ee 


1. For what purpose is a phono pick-up used? 
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Objective 


To obtain information concerning the construction and use of the vacuum tube volt- 
meter. 
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Lesson Content 
A. Definition 


A vacuum tube voltmeter is one of the most useful and important pieces of measur-. 
ing equipment found ona modern service..bench.. With it one may measure voltages 
without disturbing the operation of the circuit being checked. Also, in opera- 
tion, the current necessary for the operation of the meter movement does not come 
from the circuit being measured but has its own supply for this function. A vac- 
uum tube voltmeter works on the principle that "a small change in grid voltage 
produces a large change in plate electron flow". 


B. Importance of a Vaccum-tube Voltmeter 


To explain the operation and @enstruction of a vacuum tube voltmeter, it is first 
advisable to show the need for one. In the use of a regular voltmeter, the power 
for the operation of the movement is drawn from the circuit being measured. Also 
the meter movement has a certain resistance which, when applied across the resis- 
tance of the circuit being measured, changes the apparent voltage drop across it 

so that the reading shown on the meter will not be the actual drop in the circuit. 
It will be the drop caused by the resistance of the circuit itself with the addi- 
tion of the resistance of the meter. 


One way to overcome this is to use a voltmeter movement and circuit with a very 
high resistance per volt. This is what is meant when meters are rated at a cer- 
tain "ohms per volt" rating. It is easily understood that if the meter is of a 
very high resistance, then this won't affect the reading of the circuit being 
measured as it will if the resistance of the meter were of a lower value. Meters 
that have a resistance of 20,000 ohms per volt are very accurate and, generally 
speaking, will indicate true voltages in the circuit being measured. This would | 
result, however, in a meter movement so sensitive that it would be damaged very 
easily. You can understand that if the resistance is high as explained above the 
current to run the meter through this large resistance would be very low, hence 
the movement must of a necessity be a very sensitive one. 


As mentioned above, however, the vacuum tube voltmeter supplies its own current, 
for operation, therefore the indicating meter need not be a very sensitive one. 
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Another disadvantage of the conventional type of voltmeter is that it very seldom 
indicates the true grid bias when measuring grid voltages. With the meter con- 
nected from the control grid to the cathode, an inaccurate reading is obtained 
because of the resistance of the movement itself as explained avove. 
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C. Construction Of The Vacuum Tube Voltmeter 


In the schematic, Fig. 1, we have shown the diagram of a fundamental vacuum tube 
voltmeter as used in the Riders Chanalyst. There are many different makes and 
variations of circuits, but this explains the basic principle under which all 
vacuum tube voltmeters work. The proper understanding of this circuit will suf- 
fice, and can be applied to all vacuum-tube voltmeters. 


Fig. 1 shows the meter movement, which is a d-c milliameter or in some cases it 
may be a micro-meter. It is usually connected between the cathode and B negative. 
In some cases however, this meter is placed in the plate circuit between the plate 
and B plus. All the electron flow which passes through the tube will also have 

to pass through the meter movement. The operating power for operating the in- 
strument comes from the power supply or battery. 


The amount of current that passes through the tube and hence through the meter is 
controlled by the amount of negative grid voltage existing on the grid. If the 
grid is highly negative, less electrons will flow through the meter and tube. If 
it is less negative, more electrons will flow through the meter and tube. 


Even though the meter is a millimeter it is marked off in several ranges india 
cating voltage. The different ranges are obtained by placing a tapped voltage 
divider in the grid circuit. The taps are connected to the points on the range 
selector switch. The resistance of this divider is of a very high value to limit 
the electron flow drawn from the circuit being measured. The yoltage to be mea- 
sured is applied to the grid, hence changing the amount of electrons that flow 
through the tube and the meter. The meter is so graduated that it indicates the 
voltage of the circuit that is applied to the grid. 


Remembering that the grid bias is voltage applied to the grid (practically no 
current), it can be seen that this arrangement draws very little if any electrons 
from the circuit being measured. Therefore the instrument will not disturb the 
normal operation of the circuit. 


The electrons for the operation of the movement come from the plate circuit which 
is entirely independent of the circuit being measured. This results in the use 
of a fairly rugged movement which is not so easily damaged. 


NOTE: When used as a voltmeter, the vacuum tube voltmeter is very hard to damage 
except, of course, that the proper range must be used. Some vacuum tube 
voltmeters may also be used as an ohmmeter. When used in this manner, pre- 
caution must be taken or damage may result. 
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Fig.l Typical Vacuum tube voltmeter circuit 
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D. Application In Radio Servicing 


2h 


The vacuum tube voltmeter is used in the same manner as any other voltmeter to 
measure the different potentials on the elements of the tubes. The advantage of 
using the VIVM is that the exact voltage will be measured unaffected by the ap- 
plication of the meter to the circuit being measured. 
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. Summary Questions 


1. Why is a vacuum tube voltmeter used? 


2. Does it draw any current, to operate the movement, from the circuit to be 
measured? ; 


3. Is a vacuum tube voltmeter a very sensitive movement? 
4. Does all the current passing through the tube also pass through the meter? 


5. How are the different ranges obtained? 
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ELECTRON RAY TUBES USED AS INDICATORS (MAGIC EYE) 


Objective 


To give information concerning the construction and operation of the so called 
Magic Eye and its use in receivers and testing instruments. 


References 


Lesson Content 
A. Description 


The types 6U5, 6G5, 6N5, and 6E5 are commonly used and their construction is 
almost identical. They have two main sections: 


a. The triode section which operates as an amplifier 
b. An electron ray indicator which is located in the bulb as shown in Fig. l. 
The triode part has an emitter, a control grid and a plate. 


The indicator part has an emitter, a ray-control electrode, a light shield, and 
a target which has a fluorescent coating that glows when the electrons strike 
the target. The ray-control electrode is mounted in such a position that a 
negative charge placed on it will repel the electrons away from a portion of 
the target. | 


Socket pin terminals, just like any other tube, are plugged into a conventional 
socket. The sockets are mounted horizontally in the set or testing device so 
that the target is exposed in front of the panel for easy observation. 


‘ ey ae ee 0 iia ‘7 4 P Z ‘ 7 
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B. Operation 


The electron ray tube is a d-c operated device; therefore, a-c voltage must be 
rectified before it can be applied to this tube. 


The target is maintained positive in respect to the cathode and will therefore 
attract electrons that are emitted from the cathode. Some of the electrons 
reach the target thus producing a glow, but a portion of them which pass near 
the ray-control grid are deflected on either side and cause a shadow on the 
target. When the potential of the ray-control grid is more negative with 
respect to the target, more electrons are deflected and a wider shadow will 
result. When it is less negative, less electrons are deflected and the 

shadow will be reduced in width. 
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Because the target will not glow where it is shielded from the electrons by the 
ray-control anode, it casts a shadow on the glowing target. When the ray- 
control anode is very negative, the shadow will be wider, and when it is less 
negative, not so wide. 


The triode part of the tube is used as an amplifier in the following manner. 


1. The plate of the triode section is connected directly to the ray-control 
anode. 


2. A resistor is connected between the plate of the triode section and the 
target of the indicator section. 


3. The target is connected directly to B plus. 


If the tube is used as a tuning indicator, it is connected to the automatic 
volume control circuit which is negative with respect to the chassis. 


When the tube is used in a test instrument to indicate the presence or the 
amount of an a-c signal, this a-c signal must be rectified and the negative out- 
put of the rectifier applied to the control grid of the triode section of the 
electron ray-tube. 


If the signal to be observed is strong, it will result in a strong negative 
voltage output which is applied to the control grid of the triode section 
making it highly negative. Ths amount of electrons flowing from the emitter to 
the plate of the triode section is then decreased, thereby causing the voltage 
drop across Rj to reduce. 


If the voltage drop across this resistor reduces in value, then the plate of the 
triode section will be less negative in respect to the target than it was before. 
The plate of the triode section being connected to the ray-control grid of the 
indicator section will cause the ray-control grid to be less negative in respect 
to the target. 


If the ray-control grid’ becomes less negative, less electrons will be deflected 
by it and the shadow on the glowing target will be narrowed. 


If the signal to be observed is weak, it will result in a weak negative voltage 
output which is applied to the control grid of the triode section which makes 
it slightly negative. The amount of electrons flowing from the emitter to the 
plate in. the triode section is increased, also the amount flowing through 

the resistor, R,, is increased thus causing the voltage drop across Rj to 
increase. 


If the voltage drop across this resistor increases in value, then the plate of 
the triode section will be more negative in respect to the target than it was 
before. The ray-control grid of the indicator section will also be more 
negative because it is connected to the plate. 


If the ray-control grid becomes more negative, more electrons will be deflected 
by it and the shadow on the glowing target will be widened. The results will be 


that a strong signal will cause the eye to close and a weak signal will cause 
the eye to open. 


Coyne Electrical School TA-RS-47 


Radio Service 


Lesson No. 5 


ight Shield 
Fluorescent Coating ca Cathode Lig | 


Ray Control Electrode 
Target 


Ray Control 
Anode 


Triode Plate 


Triode Grid 


ae NSH 


WIZ 


MORE CURRENT THRU THIS RESISTOR 
MAKES THE PLATE OF THE TRIODE 
SECTION MORE NEGATIVE WITH 


WHEN THE CONTROL IS 
RESPECT TO THE TARGET AND yo MORE NEGATIVE, SHADOW 
ities \ F R, a + WESS NEGATIVE, Suapow 
Plate of Triode — CLOSES. 
Section 
To Observed Signal Ray Control Electrode 
Controlling <— — — 7? 


Voltage / “ 
Electron Ray Tube 


Fig.l Cathode-ray tuning indicator tube and circuit. Circular drawing at the 
right represents the front or face of the tube as it appears for observation 
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C. Uses 


Electron ray indicator tubes are used where an exact reading indication in 
figures is not essential. They are used in receivers to indicate exact resonance 
with the station. The receiver should be tuned for maximum closing of the eye 
and then the volume reduced for good hearing. The volume should never be reduced 
by de-tuning which, in effect, is the main reason for a tuning indicator to 
eliminate having to judge proper tuning by ear. 


Some service men use an electron ray tube as an output meter when aligning. The 
tube usually is mounted in the service panel on the bench. Aligning is adjusted 
for greatest closing of the eye. 


Electron ray tube may be used instead of meters in signal tracing instruments to 
indicate the presence of a signal and the strength of the signal. The Riders 
Chanalyst uses four of these indicator tubes for this purpose which are 
connected at the output of each channel. 
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D. Summary Questions 


1. Does a large negative d-c signal applied to the signal control grid cause the 
eye to open or close? 4 gah 
, "ph - ita oy, } Ai toe Lent 
2, When is a electron ray indicator used? ~~ 0 @" Lynd lef Oe. 
: a , 
3. What polarity is the target? (4-22 oe P 
4. What is the polarity « on _the oo anode in respect to the target and 
the cathode? _., bth are 7a — Z 


=, 


5. When using the tube as a resonance or tuning indicator, should you tune for 
greatest closing of the eye or the greatest opening? 
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RIDER'S CHANALYST 


Objective 


To study the general construction of the different functions and channels in the 
Rider's Chanalyst. | 


References 


Lesson Content 


A. General Use of the Chanalyst 
1. The wattage channel 


The wattage channel is used to measure the amount of current the receiver 
under test is using. If the receiver draws too much current there may be a 
short in the power supply. The set should be disconnected immediately and 
the trouble found and repaired before any further testing is done. If this 
Channel shows that no current is used by the receiver under test, the in- 
dication is that power is not being delivered to the radio from the a-c 
lines. Therefore the trouble is in the a-c plug, line cord, line cord 
resistor, set fuses, open ballast tube, or open filament in any tube; in the 
case of an AC-DC set where all the filaments are in series. 


2. Average receiver power ratings 
a. AC sets with one power tube, 50 to 100 watts. 


b. AC sets with two power tubes, 100 to 200 watts. 
c. AC-DC sets with one power tube, 40 to 70 watts. 


d. AC-DC sets with two power tubes, 50 to 100 watts. 
3. The RF-IF and oscillator channels 


When using these channels, the signal is "tuned" in; therefore, it is possible 
not only to detect the presence of a signal, but it is also possible to 
measure the frequency of the signal that is present in the circuit under test. 
This is especially valuable in determining whether or not the set is perfectly 
aligned. When using other methods of testing, it takes almost as long to tell 
if the set is out of alignment as it does to align it. Also the oscillator 
channel can be used to determine the highest and lowest frequencies the os- 
cillator will generate. This test is useful in replacing oscillator coils 
when the exact duplicate cannot be obtained. 


4, Signal tracing 


The signal tracing channel can be used to trace the signal from the antenna 
to the demodulator tube by selecting the right range and frequency to fit 

the signal which should be passing through it. When no signal exists the eye 
will remain open. The frequency of the signal can be measured as well as de- 
tected. 
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Checking quality - by listening with headphones, the stage that introduces 
any distortion or bad quality can easily be located. 


Checking gain or loss - the reason for a weak playing receiver can be deter- 
mined by checking gain or loss per stage. 


Alignment - because the frequency of the signal can be measured as well as 
detected, the aligning can be very easily checked. 


Bridging the defective stage, the entire r-f, i-f, or a-f section in a re- 
ceiver can be replaced by the channel if necessary by using the bridging 
cable. 


Checking oscillator strength at various dial settings can be done by adjust- 
ing the eye until it just closes and noting the setting of the level control. 


An oscillator can be checked to see if it drifts (changes frequency) by 
adjusting the eye until it just closes and noticing any change that occurs 
after it has been operating a while. 


The signal can be traced from oscillator to mixer stage with the oscillator 
channel thus determining whether the output of a working oscillator is being 
applied to the mixer tube. This is especially valuable where the oscillator 
and mixer. are two separate tubes. 


Average gain values in various sections of the radio receivers. 


HOME RADIOS AUTO RADIOS 
a. Antenna to first grid 5 to 10 times 15 to 50 times 
b. RF amplifier grid to plate 2 to 4O times same 
c. Converter grid to first i-f grid 30 to 60 times same 
d. IF amplifier per stage 4O to 150 times slightly lower 


. Vacuum tube voltmeter 


This instrument is built right into the chanalyst and can be quickly used to 
determine what part is at fault after it has been localized between two tubes 
by the other channels. The zero reading on this meter is in the center, 
therefore the polarity of the voltage with respect to the chassis can be 
quickly ascertained. If the reading is to the left of the center zero mark 
it is a negative voltage, if the reading is to the right it is a positive 
voltage. 


The vacuum tube voltmeter can be used to check power supply and tube voltages 
in the usual manner. 


The VIVM is also useful for checking AVC voltages because these as a rule can 
not be checked with the ordinary meter. 


Oscillator grid voltage is checked in the usual manner. The strength of the 
output voltage of the oscillator can be checked by putting the probe in a pin 
Jack, for this purpose, on the panel of ths chanalyst. The relative strength 
for different settings of the dial can also be checked for constant operation 
at all settings. 
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The Rider's Chanalyst can be used also as a monitoring instrument when 
shooting trouble in intermittent sets. The different channels can be connec- 
ted to different sections of the receiver as a monitor revealing in just what 
section of the receiver the intermittent trouble is located. 


6. A-F channel 


The audio signal can be traced from the demodulator tube to the speaker and 
the gain per stage noted. 


By using the earphones,the stage introducing distortion can be very easily 
located. The tone and volume controls can also be checked for operation and 


quality in this manner. 


The entire audio system in a receiver can be bridged with this channel, if 
desired, by using the bridging cable. 


Can also be used as an external pre-amplifier if desired. 
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Average gain values to be expected in output tubes. 


4. 2a5-7T5 oy 695 «+ - «se ee ewe = 4O to 50 times 
bi GOT tripde asction = «<< = «.< 30 to 45 times 
c. 6N7 - 6C8 each section - - - - - 20 to 25 times 
d. 2B7 - 6B7 - 688 - ------- 50 to 80 times 
6. GF6 = PAS = Wf = we ew = we = = = 10 to 20 times 
f. Triode output tubes - - - - - - 2 to 5 times 


B. General Construction (five channels) - Fig. 1 and 2. 
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Wattage channel (Fig. 3) 


The wattage indicator circuit consists of a transformer, diode rectifier, and 
a magic eye. 


The magic eye is the electron ray tuning indicator tube which was explained in 
a previous lecture. The radio under test is plugged into a receptacle which 
is in series with the transformer primary. All the current that the receiver 
takes must now pass through the primary of the transformer. The output of 

the secondary of this transformer is now rectified by the diode rectifier and 
fed to the magic eye. The eye is adjusted, by use of the watts indicator 
control, until it just closes. The wattage that the set consumes is then 
indicated on the scale. This will be the power consumption within fifteen 
percent. 


The idea behind the wattage indicator is that it provides an extremely rapid 
method of determining shorts in power supply which prohibit further voltage or 
signal tests, also to see if power is being delivered to the set from the a-c 
line. All this can be done quickly without endangering the components in the 
device by prolonged exposure to overloads or extremely high voltages. 


The power consumption of the receiver will usually be indicated on a metal 
plate fastened on the back of the chassis or cabinet. 


The RF-IF Channel 


The RF-IF channel consists of one stage of untuned r-f amplification and two 
stages of tuned r-f amplification, and a diode rectifier the output of which 
is connected to the magic eye. It has three frequency bands which are sel- 
ected by a band selector switch. The channel is tuned to the frequency of 
the signal passing through the r-f or i-f receiver circuits. The strength of 
the signal is indicated on the tuning indicator. 


This channel is a receiver in itself and the output can be made audible si- 
multaneously with visual observation, if desired, by plugging a pair of high 
impedance earphones into the r-f - i-f output jack. 


A strong signal coming through this channel will be indicated by a large 
closing of the eye and a weak signal will be indicated by a smaller closing. 
The gain per stage can be measured by making use of the multiplier and lever 
controls. 


The signal is applied to the input of the RF-IF channel through the red cable 
test probe plugged into the red jack. 


3. The Oscillator Channel 
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f RF-IF Channel 
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yi Osc. Channel 


BROWN Probe 
3, AF Channel 
GREEN Probe 
4. Wattage Channel | 
NO PROBE RECT. 
a VTVM Vacuum Tube Voltmeter 
i BLUE Probe 
Fig.1 The five channels in the Chanalyst are shown above. 
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Fig.2 This drawing shows the location of the Chanalyst Controls. 
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The oscillator channel consists of one stage of tuned r-f amplification, a 
rectifier, and a magic eye. There is no oscillator in the chanalyst, the 
channel being so called because it is used to check the oscillator in the 
receiver. It has three frequency bands which are selected by a band selector 
switch. The channel is tuned by adjusting the dial for minimum width shadow 
on the magic eye. The frequency is read directly on the dial. 


The strength of oscillator output can be measured by adjusting the level 
control until the eye just closes and noting the indication of the level 
control pointer. 


If the oscillator is not oscillating at all or producing a signal,the magic 
eye will not close at all,thus indicating trouble in the oscillator stage of 
the receiver. 


The brown cable is used and plugged into the brown jack. It has a one mnfd 
capacitor in the probe. It is interchangeable with the RF-I? probe. 


4, The AF Channel 


The AF channel consists of one stage of a-f amplification, a rectifier, a 
magic eye, and a level control. 


No signal at any point in the a-f amplifier circuit would be indicated by no 
closing of the eye. 


The input cable is green and is plugged into the green jack. It has a .Ol 
capacitor mounted in series within the cabinet. 


5. Vacuum tube Voltmeter 
While this is not exactly a channel in the same sense that the other functions 
of the Chanalyst are, never-the-less, it is another function of the instrument 
and this, in conjunction with the other four channels, makes up the complete 
self contained testing instrument which is said to have five channels. 


This instrument was explained thoroughly in a previous lecture. 


The input cable is blue and is plugged into the blue jack. It has a one 
megohm resistor in the probe. 


C. Summary 


There are a number of instruments of this type available on the market today for 
testing purposes; however, we have selected the Chanalyst because it is a repre- 
sentative instrument. If you understand its use, this information can be readily 
applied to the use and operation of other makes which are equally efficient. 
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Fig. 3 
D. Questions 
1. How many channels are there in the Chanalyst? 4 
ah 
2. Would this instrument be useful in checking a alignment? o-< ° 


3. What particular advantage can be — 7 arial how much wattage a receiv- 
er uses? =f. . / td febrirtr pepe 


4, Will the Chanalyst reveal the exact part that causes an intermittent receiver?,..— 


>. What would be the advantage of having the vacuum tube voltmeter built in, as it 


is in the Chanalyst? _ Vy PA 
* 
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THE RIDER'S CHANALYST 


Objective 
To learn how to use the Rider Chanalyst for locating various trouble. 


References 


a 
“ 


Lesson Content 
A. Using the Wattage Channel 


The a-c line cord of the set under test is not plugged into the line receptacle 
in the usual manner, but is plugged into a receptacle located on the front of the 
chanalyst panel. After the eye has been adjusted so it just closes, the amount 
of wattage that the set consumes will be indicated on the level control scale. 


If the eye overlaps and you can not open it by adjusting the level control; the 
indication is that a short exists in the power supply. In case of a short the 
‘get should be promptly disconnected, the trouble found and corrected before any 
further testing is done. If a short does exist,it will most likely be a shorted 
input filter capacitor. 


If the eye does not close at all it indicates that power is not being fed to the 
receiver and the trouble will be found to be in the a-c line cord of plug, the 
a-c line resistor or ballast tube, the set fuses, or,if it is an AC-DC set where 


all the tube filaments are connected in series, the filament of one of the tubes 
is open. 


1. Step by step method of making the test. 
a. Plug the a-c cord of the Chanalyst into the a-c line receptacle. 


b. Plug the a-c cord of the set under test into the receptacle on the 
Chanalyst panel used for this purpose. 


c. Turn on both the Chanalyst and the receiver. 


d. Allowing time for the tubes to heat up, adjust the watts level control 
until the watts magic eye just closes. 


e. Read the watts consumption on the scale as indicated by the position of the 
pointer. F | . | 4 i 


B. Using the Oscillator Channel 


With this channel you can tell if the oscillator is oscillating, and also at 
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what frequency it is oscillating. If it is not operating,it will be indicated 
by the eye remaining open. 


The oscillator channel is provided with three ranges which are selected by a 
range selector switch. The tuning dial and the level control are adjusted until 
the magic eye for the oscillator closes. This indicates resonance and the fre- 
quency can now be read by noting the position of the tuning pointer. 


The voltage output of the oscillator can be measured for various settings of the 
tuning dial by using the vacuum tube voltmeter in conjunction with this channel 
and plugging the probe into a special pin jack which is located under the 
oscillator tuning dial. This can also be used to see what the highest and lowest 
frequencies are that the oscillator will produce with the capacitor plates on the 
tuning capacitor all the way in and out. 


1. Step by step method of making the tests. 
a. Use the brown cable and plug it into the brown jack. 


b. Set the oscillator band switch to the proper range which covers the fre- ‘ 
quencies of the oscillator. This is the tuned signal received plus the 


iy, 


c. Place the oscillator probe on the control grid of the oscillator or on the 
stator of the oscillator section of the tuning capacitor, then tune the | 
oscillator tuning control on the Chanalyst until thse oscillator magic eye 
closes. Also adjust the level control. 


d. The oscillator frequency of the receiver will now be read as indicated by 
the position of the pointer. 
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Signal Tracing Through The Entire Set By Using The RF-IF and The AF channel. 


This can be done by using a signal from a strong broadcasting station if there 
is one nearby that can be tuned in easily, otherwise the signal generator must 
be used to furnish the signal. 


Starting at the antenna and working towards the mixer, we apply thse probe of the 
RF-IF channel on the control grid of the tube of the stage under test. The 
proper range must be selected that will cover the frequency of the station to 
which the set is tuned by using the band selector switch. The RF-IF tuning 
dial and the level controls must be adjusted until the magic eye just closes 
which indicates resonance. 


No signal at this point will be indicated by no closing of the magic eye. 
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The strength of the signal can be read by observing the setting of the level and 
multiplier controls when the magic eye just closes. 


When you come to the i-f stages, you must of course, change the range of the 
RF-IF channel to suit the IF. 


The signal is traced in this manner from the antenna to the demodulator tube and 
the gain per stage noted. 


From the demodulator to the speaker, the signal is traced by using the a-f channel 
and applying the probe to the control grid of the tube of the stage under test. 
Then the presence of the signal is noted. The gain per stage will be indicated by 
the magic eye, for the a-f channel, after the a-c level control has been adjusted 
so the eye just closes. 


If you wish, you can listen to the signal for distortion and quality. Check as 
you go along by plugging a pair of high impedance earphones first into the RF-If 
output jack and then into the AF output jack. 


Using the signal from the signal generator - When tracing the signal through the 
various stages, it is better to take the signal from the signal generator than 
to rely on a signal picked up from a transmitter because the modulation will be 
of a constant amplitude. When tracing a signal from a broadcasting station through 
the a-f stages, the magic eye will, of course, flicker in accordance with the 
modulated speech or music being received, making it rather hard to get a good 
strength indication. When the modulation is accomplished by a 400 cycle note as 
it is in the signal generator, the output will then be constant and as a result 
the magic eye will not flicker. The strength of the signal from the signal 
generator can be adjusted. This is required if accurate adjustments of the level 
controls are obtained. | 
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1. Step by step method making the tests. 
a. Use the red cable and plug into the red jack. 


b. Place the probe on the control grid of the first r-f tube, or mixer tube if 
an r-f stage is not used. | 


c. Adjust the tuning capacitor on the receiver to the frequency of some known 
nearby station which is broadcasting. 


d. Adjust the band switch on the RF-IF section of the Chanalyst to approxi- 
mately the same frequency to which the set is tuned. 


e. Adjust the Chanalyst tuning capacitor to the same frequency. 

f. Adjust both the set and Chanalyst tuning capacitors to maximum output as 
indicated by the magic eye. The level and multiplier controls should be 
adjusted until the magic eye just closes. 

g. No signal at this point would be indicated by the eye remaining open. 

h. Repeat this procedure on the grids of all the r-f stages, mixer stages, and 
i-f stages up to the detector stage. Change the range of the Chanalyst to 
suit the signal which should be in the circuit being traced. 

i. Now use the green cable and plug it into the green jack (AF channel). 

j.- Place the probe on the ungrounded end of the diode load resistor, and 
adjust the level control until the magic eye just closes on the a-f channeL 


No signal at this point would be indicated by no closing of the magic eye. 


k. Repeat this procedure on the control grids of all the a-f stages to the 
speaker and note the presence of the signal and the gain per stage. 


1. The trouble in the receiver will,in this manner, be localized between the 
grid where there was a signal and where there is no signal. 
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D. Using the Vacuum Tube Voltmeter. 


The negative side of the voltmeter is connected permanently to chassis in the 
Chanalyst, so, when taking voltage measurements, only one probe is used. The 
probe is used the same as any meter. Precaution must be taken to use the right 
range, because the instrument is so sensitive that grid voltages can be measured, 
thus locating troubles in the grid circuit. 


1. Method of making tests on AVC and grid voltages. 
a. Use blue cable and plug it into the blue jack. 
b. Apply the probe at the following points 


1. Across volume control or diode lead. 
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2. Across automatic volume control resistors and capacitors. 
3. At the control grids of the tubes. 

2. Method of making tests on oscillator output voltage. 
a. Use the blue cable and plug it into the blue jack. 
b. Insert the probe into he cosiindes pin jack on the Chanalyst panel. 

3. Method of making tests on the plate and screen grid voltages. 
a. Use the blue cable and plug it into the blue jack. 
b. Apply the probe to the plate and to the screen grid under test. 

4. Method of making tests on power supply voltages. 


a. Use the blue cable and plug it into the blue jack. 


b. Measure d-c voltages only by applying probe across the voltage divider. 
In case there is no voltage divider make the test at the output of the 
filter. 


Fis nee 


E. Using the Rider's Chanalyst as a monitor for finding trouble in intermittent sets. 


The signal generator is usually used to furnish the signal. The probes are 
equipped with screw on clips so they may be permanently connected to the circuit 


under test. ; 


The different channels are connected to the different stages in the receiver and 
all the magic eyes adjusted so they just close with the signal from the signal 
generator coming through. A constant signal will now be coming out of the loud 
speaker of the set, namely,a 400 cycle modulated note. When the intermittent 
trouble occurs,the stage that is causing the trouble can be easily determined by 
observing the condition of the eye. The individual parts in the defective 
section must now be tested. 


1. Step by step method of making tests. 


a. Connect the chanalyst, signal generator, and receiver as shown on the 
attached block diagram. Fig. 1. 


b. Screw on the clips provided for each probe so they may be fastened perman- 
ently to the circuit that is to be tested. 


c. Tune the receiver to resonance with the signal from the signal generator. 
Tune the RF-IF and the oscillator channels to resonance with the signal in 
the circuit to which they are connected. 


d. Adjust the level controls on each channel until the magic eye just closes. 
Note the AVC voltage as indicated on the voltmeter. 


TA-RS-47 Coyne Electrical School Ay 


Lesson No. 7 Radio Service 


e. All sections of the receiver are now being monitored simultaneously by the 


different channels so that any change will be immediately noticed when the 
intermittent fault occurs. 


f. The trouble will be localized between two certain points in the receiver 


and the parts between these two points must be individually analyzed and 
tested. 


I 
I aa 
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F, General 


The negative side of the Chanalyst is usually connected to the chassis of the set 
to be tested. In the case of a set that has a "floating ground" the negative 
side of the Chanalyst should be connected to the switch in back of the volume 
control. The negative side can be also connected to the cathode of the 
particular tube under test, but this is not convenient because it must be moved 
along with the other probe when going from stage to stage. 


G. Summary Questions 
1. How many channels does the Chanalyst have? pl trpet 
2. Name four advantages of this type of instrument? 
3. What would be the indication when there is no signal present? 
4. How could you tell the gain per stage? 


5. How could you tell if the oscillator drifts? 
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RECEIVING ANTENNAS 


Objective 


To study the characteristics and construction of receiving antennas. 


References 


Lesson Content 
A. Purpose 


The magnetic lines of force through ether, which is the name given to the energy 
that is radiated by the broadcasting section, cut across the receiving antenna 
thsreby gensrating a feeble voltage. This voltage is then fed to the anteins 
coil of the receiver. 


Whether or not a receiving antenna is necessary depends upon the strength of the 
signals to be received and the distance that the receiver is from the trans- 
mitter. Signals of the broadcast type vary in strength inversely with the square 
of the distance through which they must travel. They, therefore, diminish quite 
rapidly as the distance increeses. Generally speaking, the longer a receiving 
antenna the more voltage will be generated when the lines of force cut across it. 


On account of the large amplification ability of modern radio tubes, very little 
signal input is necessary, so in many cases no outside antenna is used. A piece 
of wire under the carpet or rug,extending from the receiver,is frequently used. 
In other cases, tuned loops are mounted in back of the cabinet, which are as a 
rule sensitive enough to pick up most signals. 


B. Types of Receiving Antennas 
1. Straight wire horizontal type. (Refer to Fig.1) 


Stand off insulators should be used to keep antenna or lead-in well away from 
walls. <A stand off insulator consists of a piece of glass or porcelain that 
holds the antenna wire away from the building. The insulator is hsld by a 
metal flange or rod that may be fastened to the wall, post, or roof edge. 
When putting antennas in trees for supporting the far end of the antenna, a 
spring should be installed between the end of the antenna and the tree so 
that when the wind blows the tree the tansion will not become too great. 


a. Antenna insulators are usually strain insulators made of porcelain, glass 
Pyrex,or high grade moulded materials especially for this purpose. They 
» are usually deeply ribbed to avoid ice coating over the entire insulator. 


b. Height and length of straight wire antennas 
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Usually the higher the antenna the better the signal pick-up and it will 
be less sensitive to man made noises. The length, however, is determined 
to a large extent by the antenna coil in the receiver. In broadcast sets, 
a length of 30 to 35 feet is recommended which will match most antenna 
coils. If a very long antenna is used,it will result in poor selectivity. 
By selectivity we mean the ability of the set to separate two stations 
close together on the dial. Antennas for short wave reception of course 
are different. . 


c. Antenna lead-ins 


The first rule for the lead-in is to make it as short as possible. Ina 
straight wire antenna,the lead-in is a part of the antenna itself and 
should be kept away from everything by means of stand-off insulators the 
same as the antenna. Insulated wire is usually used for the lead-in but 
this does not mean that it may be dropped over the edge of the roof or 
gutter without any insulation. It must be remembered that signals usually 
travel along the surface of a wire and not through it. Ona "T" type 
antenna,the lead-in is connected to the center of the antenna. On the 

"L" type antenna,the lead-in is connected to one end of the antenna. 


The best way to run the lead-in to the building is to use a window strip. 
This consist of a ribbon, encased in an insulating covering, with spring 
clips on either end for attaching the wire. The outside clip should be 
soldered to the antenna lead-in wire to avoid corrosion. This device may 
be laid over the window sill and the window closed tightly over it. The 
receiver should be placed as close to the point of entry as possible. Long 
runs inside the house should be avoided or large loss of signal will result 
If a porcelain tube is used for the lead-in insulator, the hole for it 
should be drilled on a slant downward toward the outside to avoid rain 
coming in the house. 


High resistance joints must be avoided by soldering all lead-in 
connections. If a mechanical connection is used, even though it is tight 
and well made, when it corrodes it will result in a very bad joint and 
create loss of signal strength. 


d. Antenna wire 


Stranded enameled copper or phosper bronze wire should be used if possible, 
the second choice is solid wire covered with enamel. Bare stranded wire 
should not be used because oxide will form between the wires thereby caus- 
ing signal loss. No. 14 or No. 12 gauge wire should be used. 


e. Capacity of horizontal and vertical portion of a single wire antenna. 


LENGTH IN FEET OF HORIZONTAL PORTION OF ANTENNA 


Antenna 
Height 30 Feet 45 Feet 60 Feet 75 Feet 100 Feet 
in Feet Hor-Vert Hor-Vert Hor-Vert Hor-Vert Hor-Vert 


20 Feet 59-40 mf 83-40 mmf 121-40 mf 139-40 mf 182-40 mmf 


30 Feet 58-56 " 81-56 " 109-56 +" 131-56 " 175-56. ™ 
40 Feet 57-71. ." 80-71 " 107-71 " 123.71,.* 172-71 '" 
60 Feet 57-103 " 80-103 " 105-103 " 121-103 " 170-103 " 
100 Feet 56-166 " 79-166 " 104-166 * 119-166 " 168-166 " 
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The effective capacity of the antenna system is somewhat greater at the higher 
frequencies or lower wave lengths used in broadcasting than at the other end 
of the scale. Taking the effective capacity of 1000 KC or approximately 300 
meters as represented by 100%, the following changes are found in practice. 


At 1500 KC or 200 meters, the capacity is 120% and at 60C KC or 500 meters, 
it is 90% of the value of 1000 KC. 


For an antenna 60 feet long and 40 feet high, the table shows the capacity 
of the horizontal section to be 107 mf, and that of the vertical portion or 
lead-in to 71 mf or a total of 178 mmf for the entire antenna. 


Inductance of the antenna. The horizontal portion of the antenna and vertical 
lead-in not only have capacity but also have inductance even though they are 
straight wires. The following table gives the value in microhenries of the 
horizontal portion of the antenna and the vertical lead-in. 


. Inductance of straight wire antennas 


INDUCTANCES OF ANTENNA SYSTEM MICROHENRIES 


LENGTH IN FEET OF HORIZONTAL PORTION OF ANTENNA 


Antenn@® ----<<-<--<-<<---<--------------- ee wn = nn ee ee ee ee = 
Height 30 Feet 45 Feet 60 Feet 75 Feet 100 Feet 
in feet Hor-Vert Hor-Vert Hor-Vert Hor-Vert Hor-Vert 
20 Feet 20-10 30-10 41-10 50-10 68-10 

30 Feet 20-15 30-15 41-15 51-15 68-15 

4O Feet 20-21 30-21 uo. 271 52-21 71-21 

60 Feet 20-34 30-34 yo. 3h 53-34 72-34 
100 Feet 20-61 30-61 42-61 52-61 72-61 


The inductance of the antenna and lead-in are not lumped inductance as found 
in coils, but are distributed over the whole length of these wires. These 
distributed inductances are due to the changing magnetic field set up around 
the wires when alternating current flows in them. The total inductance of 
the antenna and lead-in is not as great as the sum of their separate induc- 
tances as would be the case with lumped inductances in series, nor is it as 
small as the two inductances in parallel. 


Practice shows that the approximate effective inductance of antenna and lead- 
in may be found by adding the two together and dividing the sum by three. 
Thus, for an antenna system 45 feet long and 40 ft. high, the inductance of 
the horizontal portion is 30 microhenries and of the vertical portion 21 
microhenries. Their sum is 51 microhenries and the approximate effective 
inductance is 1/3 of 51 or 17 microhenries. 


. Noise reducing antenna system. 


The signal to noise ratio will,in most cases,determine whether or not the 
Signal is receivable and if not favorable will be made more favorable by 


installing a special noise free antenna system. 
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The general instructions for constructing a noise reducing antenna is to place 
the antenna itself high above the ground so it will not pick-up much man made 
static, which is generally close to the ground. The lead-in should be con- 
structed so that it will not serve as an antenna. The other instructions are 
the same as given for the straight wire, except for the length. 


a. Shielded lead-in type (Fig. 2). 


Here we have the conventional flat top antenna connected to the receiver 
by a shielded lead-in. Large signal pick-up will be had by placing the 
flat top as high above the ground as possible. The lead-in, however, must 
pass through the noise area in order to get to the receiver. 


A shielded lead-in will not pick-up interference signals or man-made 
static. A step down ratio transformer located at the top of the lead-in 
reduces the voltage between the shield and the lead-in, thereby reducing 
Signal loss due to capacity between lead-in and shield. A step-up ratio 
transformer at the bottom of the lead-in provides proper impedance match 
to the antenna coil. 


b. Spaced lead-in type. (Fig. 3). 


Here we have the regular flat top which is connected to the receiver by a 
spaced lead-in. The energy picked up by the antenna will be large because 
it is high above the ground. The energy picked up by two feeder wires 
will be in the same direction, therefore they will cancel out to ground 
and will not appear in the receiver with the signal. 


c. Combination long wave and short wave. (Fig. }). 


This is designed for use in broadcast reception on long and short waves. 

It is placed high to get a good signal pick-up and connected to the re- 
ceiver by means of twisted pair feeder. The top one is of such a length to 
receive broadcast signals and the bottom one for short wave signals. It 
has a center connected feeder which is matched to the impedance of the 
antenna at the connecting point. Twisted pair feeders of the kind have 
natural impedance of approximately 73 ohms which is also the impedance of 
the flat tops at the point of connection. Any noise picked up by the feed- 
ers will not appear with the signal in the receiver. 


Noise free antenna systems can be purchased in kit form from most jobbers 
and the instructions with the kit should be followed to the letter when 
installing. The wires are cut to length and should be used that way. 

The length of the feeder, however, is usually not critical and can be cut 
to suit the installation. If trees are used for the supports be sure and 
use springs at each end to avoid breaking the wire in a strong wind. 


C. Lightning Protection 


Receiving antennas are protected from lightning by use of an arrestor between 
the antenna and ground. The arrestor consists of a small gap which discharges 
the. static electricity on the antenna to ground. The purpose of the arrestor. 
is to prevent the antenna from accumulating static charges. Experience has 
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proven that installations having lightning arrestors as explained above are hit 
by lightning less than those which do not have them in the installation. 


Buildings in rural districts and high buildings, chimneys, etc. in the city 

are equipped with lightning rods which are there for the purpose of discharging 
any charge to ground that may accumulate at the high end. There is very little 
danger of lightning striking a building equipped with lightning rods. 


In the noise free antenna system explained above, lightning arrestors are not 
necessary because the system is grounded itself at all times and no charge will 
accumulate on it. | 


In some localities,insurance laws call for the installation of lightning arrest- 
ors in all cases where an outside wire is used that is not grounded. In such 
cases,if the lightning strikes and causes damage and it could be proven that 
there was no lightning arrestor in the antenna installation, the insurance 
company would not be required to pay insurance. 


Lightning arrestors are not very expensive; so,the safest thing is to install one 
in every case where an outside wire is used. 


D. Summary Questions 

1. What is the purpose of a lightning arrestor? 

2. What is the purpose of a noise reducing antenna system? 
. Are cutside antennas necessary in all installations? 
How can you avoid high resistance joints in antennas? 


Does man made static exist at high altidudes? 


NON WW FF W 


- What precaution should be made when attracting an antenna to a tree? 
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TRANSMITTING ANTENNAS 


- Objective 


Information on the characteristics and construction of transmitting antennas. 


References 


Lesson Content 


A. 


General 


The purpose of a transmitting antenna is to radiate energy that is fed to it from 
the transmitter. These antennas differ from receiving antennas in two ways: 


1, The length is very critical. 


2. The antenna must be connected to the final amplifier in the transmitter in 
such a manner that the impedance is matched. 


A transmitting antenna can be used for receiving. In fact, any properly designed 
transmitting antenna would be an excellent receiving antenna. In communication 
stations both transmitting and receiving is usually done with the same antenna 
system. The change over from one to the other is accomplished by means of an 
automatically operated antenna relay. 


Since the received signal, in most cases, is fairly strong, especially on the 
broadcast band, and also due to the high amplification factor of modern receiv- 
ing tubes as explained in a previous lesson, not much r-f pick-up is necessary 
to produce good results. 


In cases where most of the received signals must be preserved, such as is the 

case with television reception, FM signals, and foreign broadcasts signals, the 
same instruction that is given here for transmitting antennas can also be used for 
receiving antennas. | a 
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Types of Transmitting Antennas With Respect to Length and Height 

If the antennas are constructed vertically in the form of masts, towers, etc., 
waves from the antenna are said to be vertically polarized. I1f the antenna is 
constructed horizontally the waves are horizontally polarized. 


1. Quarter wave 


The length of the antenna is equal to one quarter wave length of the radiated 
wave. It is usually worked with a ground connection which becomes part of the 
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antenna system. The combination of antenna and ground are electrically equal 
to a half wave antenna. 


ec. Half wave 


The length of the antenna is equal to one-half wave-length of the radiated 
wave. One half wave form will exist on the antenna when it is connected to 
the transmitter in such a manner that the impedance is matched. 


3. Full wave 


The length of the antenna is equal to a full wave length of the radiated wave. 
One full wave will exist on the antenna when connected properly to the trans- 
mitter. 


4, Long wire antennas 


Long wire antennas are of such a length that, when properly connected to the 
transmitter, a multiple of waves will exist on them for the frequency to be 
radiated. 


5. Formula for calculating the length of a half-wave antenna: 
+ wave-length equals 468 equals length in feet. 
frequency in MC 
For a quarter-wave, the above answer should be divided by two. 
For a full-wave, the above answer should be multiplied by two. 
For a long wave antenna, the above answer should be multiplied by the number of 
waves desired on it. 
Certain adjustments and allowances have to be made, especially in the case of 
long wire antennas. 


6. Height above the ground 


Horizontal antennas should be approximately one-quarter wave-length, one-half 
wave length, or one full wave-length above the electrical ground. Electrical 
grounds for antennas are not always found at the surface of the ground. Any 
conducting material above or below the ground surface and electrically con- 
nected to the ground will serve as an electrical ground for the antenna 
system. The electrical height of the antenna is the distance between the 
antenna and electrical ground. 


To make the surface of the ground the electrical ground for the antenna, 
broadcasting stations sometimes plow furrows in all directions from the bottom 
of the transmitting tower or from the transmitter room, and in these furrows 
lay wires which are then all joined together to make the ground for the 
transmitter. 


With vertical antennas, the height above the electrical ground is usually equal 
to nae uk) of the antenna. 


teas 


é zt 
eA y +t Ba #8 hs, dail 


~~, 


é 


ee se ff r ae , “Pete fe f 
} Ps 2 sos _ ‘ , it bee 4 — ¢ 2 ' 2 (; 
I 2 os a é a - Z : Fé 5 £ 3 eit ra P aD os oa be ahh é a : 
4 mY oe ve : mst a i "aaa SEGRE. a gan ee 
3 7” wy 


50 Coyne Electrical School TA-RS-17 


Radio Service Lesson No. 9 


Fig.l Current voltage relations on a half wave antenna. 
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(a) Half-wave Hertz antenna (b) Quarter-wave Marconi antenna 
with low-impedance non- with low-impedance non-res- 
resonant twisted-pair feeders. onant coaxial cable. 


Fig.3 Antennas fed by low-impedance non-resonant lines. 
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Impedance Matching 


The second requirement of transmitting antennas is that the impedance must be 
matched to the transmitter. The impedance at any point of the antenna is cal- 
culated by the regular form for impedance which is: 


> LK 
Impedance (Z) equals I ((, = x kk 
The current and voltage in a ‘eaiiaia ind as is approximately 90 degrees out 
of phase as shown by Fig. 1. Feeders for transmitting antennas are usually con- 
nected at the following points: 


1. Current loop - at the point of high current. 


2. Voltage loop - at the point of high voltage. 


A point of high voltage on an antenna will result in a point of high impedance. 
When an antenna is connected at a high voltage point (voltage loop), the feeders 
must be tuned to the right impedance by using variable capacitors, variable 
inductance (variometers), or by using variocouplers which is the name given to a 
matching device used to match any impedance. When feeders are tuned to high 
impedance, however, a certain amount of power is lost in the matching device. 


If the antenna is coupled to the transmitter at a point of high current (current 
loop), the result will be coupling at a point of low impedance. Co-axial cables 
of ribbons of fixed impedance can be used to match the impedance which is very 
low at the center and increases each way from the center. 


Co-axial cables and ribbons can be had at very low natural impedances: 70 ohms, 
73 ohms, 300 ohms. Ribbons go up to 300 ohms, co-axial cables for practical pur- 
poses go up to about 73 ohms. 


When connection is made in this manner, a half-wave antenna is usually used and 

is out in the center and the ribbon or co-axial cable is connected to both ends 

of the wire at the insulator and connected at the transmitter to a variable link 
which couples it to the transmitter. This results in what is called a "flat line | 
feeder" that has no standing waves on the feeder. All the radiation takes place 
in the antenna itself and not from the feeders. 


When half-wave antennas are used in this manner they are called di-poles, Many 
variations of this type of antenna have been sic such as folded di-poles, 
plumbers delight etc. 


Matching at points of low impedance can also be accomplished by using spaced 
feeder open lines. These are made of open wire kept a certain distance apart by 
insulator spacers. The distance apart determines their impedance. A 300 ohm 
line of this type would have the two feeders about two inches apart. A 600 ohms 
line would have the feeders about six inches apart. When using these types of 
feeders care must be taken to prevent the antenna from twisting in the wind. 
These types of feeders can also be tuned by using variable capacitors. 


The feeder is sometimes brought directly into the transmitter room and connected 
directly to the transmitter. This is bad practice because radiation takes place 
from the feeder as well as the antenna and results in loss of signal strength 


since spurious r-f is present in the a-c lines, telephone equipment, etc. 
When connection is made in this manner, the whole antenna and feeder must be 
tuned to the right frequency by using variable capacitors, variometers, or 
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variocouplers. Power lost in the matching device results in lower efficiency. 


A Marconi antenna is used in connection with a ground system. The Hertz antenna 
such as a half-wave antenna is connected in the center as outlined above and uses 
no ground. 


a, Special Antenna Types 


To obtain directional effect, that is, maximum signal in one direction, special 
types of antennas are used. 


1. Beam antennas or "signal squirters" (rotating type mechanism). 


Beam antennas use half-wave antenna properly matched with parasitic antennas 
on each side. The parasitic antennas are used for reflectors and directors. 
They are adjusted in length for maximum forward gain and minimum back signal. 
Beam antennas are usually used on high frequencies where the antenna, direc- 
tors, and reflectors can be very short. These are made of rods or tubes and 
are called elements of the beam. A front to back ratio of 21 db is considered 
good on such an antenna and can easily be achieved. 


2. Directional towers 


Broadcasting station transmitters are usually located in suburban or rural 

districts to avoid interference in radios in the town. To get coverage in the 
nearby town, directional towers are placed in back of the radiating tower. 
The — will a reflected back into the town by the directional towers. 
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Transmitters are usually equipped with large grounding switches so they may be 
grounded when not in use or during a bad storm. If the transmitter is used 
continuously, it is protected by using lightning arrestors of a special type. 


F. Summary Questions 
1. How are transmitting antennas different from receiving antennas? 
2. What would be the impedance of half-wave antenna at the exact center? 


3. Why is it not good practice to run the transmitting antenna directly into the 
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stations? 


4. Would a well designed transmitting antenna be satisfactory for use on a 
receiver? 


5. Should a transmitting antenna be as well insulated as a receiving antenna? 
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Objective 


To obtain information concerning noise or interferences that is heard in the speaker. 


References 


Lesson Content 
A. Types of Interferences 
1. Natural static 
This disturbance or noise is caused by natural atmospheric discharges such as 
heat, lightning, thunderstorms, etc. Noises of this type cause amplitude var- 
lations but they do not cause frequency variations. Therefore, inasmuch as 


F-M sets do not respond to amplitude variations, the noise is not present in 
the speaker of F-M receivers. 


2. Man made static 
This type of interference is caused by the operation of different types of 
electrical apparatus, such as motors, generators, fans, electrical shavers, 
vibrators, door-bells, thermostats, faulty electrical iron connections, heat- 
ing pads, etc. This type of noise can also be caused by power lines scraping 
against tree limbs, transformer trouble, broken insulators, or intermittent 


shorts. These troubles cause interference so intense that reception is almost 
impossible. 


Disturbances of this nature will reach the receiver in one of three ways: 
a. By direct radiation from an electric spark. 

b. By direct conduction over the a-c lines. 

c. By radiation from the power line. 


This type of interference should preferably be remedied at the source if pos- 
sible; some help can also be had by using elimination devices at the receiver. 


If the conduit at the outlet box is grounded to the nearest cold water pipe, it 
may help some. 


It is advisable to also check the ground connection at the neutral wire of the 
lighting system. 
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B. Methods of Determining Whether the Noise is Caused by Some Trouble as the Set it- 


56 


self or coming from the outside. 


1. Remove the antenna and ground wires and short the terminals together with a 

- piece of wire. If the noise stops,it is not due to any trouble in the 
receiver. Now, of course, the reception will stop when the antenna and ground | 
terminals are shorted together, but if the noise is due to some defect in the 
set, it should continue whether or not the antenna is shorted to ground. 


2, If the noise still continues after the antenna and ground are shorted together, 
the receiver may still be all right and the noise may be fed into the receiver 
over the a-c line. A line filter in the a-c line may eliminate the trouble. 


3. Another method is to compare reception with another receiver connected to the 
same line and to the same antenna. 


This test will determine if the noise is fed into the set through the antenna 
system or through the electric power wires. 


. Locating the Source of the Interference 


The best way to locate where the interferring signal is being generated is to use 
a receiver with a directional loop. Such a receiver is shown in Fig. 1. An or- 

dinary house, battery operated portable that has a loop for an antenna can also | 
be used. The portable set should be shielded for best results. One way of doing 

this is to place the whole receiver in a square can. Holes should be drilled for 
the controls. Extension shafts should be used on the controls. The loop should 

be taken out of the back of the set and mounted on a stick so that it can be ro- 

tated. 


When the side of the loop is parallel to the direction of wave travel, the 
maximum amount of signal energy will be fed to the receiver. 


If the direction of wave travel is at right angles to the sides of the loop, the 
same portion of the wave front cuts across both sides of the loop at the same 


time, thereby producing equal and opposite voltages which cancel each other. 


If the direction of wave travel is parallel to the side of the loop, a different 
portion of the wave front cuts across both sides of the loop at the same time, 
thereby producing a voltage difference between the terminals. 


When searching for the source of interference, the portable test set is usually 
taken outside of the town and the noise tuned in on the set and the loop rotated 
for best results. A straight line is drawn on a map of the town from the posi- 
tion of the test straight through the town in the direction that the loop is 
pointing. 


The set is then moved to another location and another line drawn through the town 


to compare with the direction the loop is pointing when the noise is tuned in. 
Refer to Fig. e. 
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After several readings have been taken, the noise will be found to be in the gen- 
eral location where the lines converge (cross) in the town. If the noise is par- 
ticularly loud,it is cometimes better to turn the loop for minimum signal and 
draw a line at right angles to the loop through the town. This is due to the 
fact that,after a certain volume has been reached,it is hard for the ear to de- 
termine any further increase. In other words, it is easier for the ear to detect 
changes in volume with a minimum signal that a maximum one. 


D. Range Finders 


Ships and planes use methods similar to the above for obtaining their bearings 
when other methods fail. When used for this purpose, the receivers are called 
range finders. There are two main types of range finders: 


1. Uni-directional 


The uni-directional unit uses a sensing button and reference antenna to deter- 
mine which direction, parallel to the loop, the signals are coming from. 


2. Bi-directional 


The bi-directional has no sensing button. The direction from which the 
signals are coming must be determined by triangulation as shown in Fig. 2. 


E. Suppressing the Interference 


After the source of interference has been located, the noise should be suppressed. 
Some of the different methods for use in suppressing interference are shown in 
Fig. 3. If the noise is coming over the a-c line, it can be reduced by 
installing a line filter as described in Fig. 3. 


High power on the part of the broadcasting station produces strong signals which 
may not be affected so noticeably by interference. In most cases, noise suppres- 
Sion is not needed on F-M receivers. 


F. List of Interference Causes and Remedies 
1. Vacuum cleaners 


Line filters at the plug end of cord is not satisfactory because the cord can 
radiate the noise. Best results will usually be achieved by installation of 
a filter (Type 3) as near as possible to the point where the line enters the 
machine. 


2. Washing machines 
Washing machines equipped with a-c motors are noise free. If, however, the 
motor is a d-c type or any type that use a commutator & brushes, filters may 
58 ‘Coyne Electrical School TA-RS-47 


Ac hat SOoLn. 
“9 If by: hiv ope 
; {J Ar / Te 4 4, / (Ay 
A Lesson No. 10 


eL- A p ; Y 
" C y Ti if af s tf Yai 
of ‘ | 


Radio Service 


Li Lt 


TYPE 6 °* tre 2 € 


Receptacle 
for Radio 
230 Turns Capacitors = 1 mfd. 
+¢18 Bell Wire Fuses te 
WOODEN FORM Fig. 3 


be needed. Before installing filters on any motor, be sure that the motor is 
- in proper operating condition. Brushes should be replaced and brush holder 
springs should be adjusted to prevent excessive flashing on the commutator. 


Most washing machine motors can be quieted by installing condensers as indica- 
ted by Fig. 3 type 2. . 


ay Electric refrigerators 


No suppression is needed in most cases. In case a filter is needed in some of 


the older type refrigerators, type three filter across the line will usually 


silence the noise. ¢ 
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4, Electric shavers 


Most modern shavers are noise free. In the event the offending razor is of 
the filter-less type, it is impractical to install a filter on the razor. 


5. Pulley belt static 


Large belts can cause static over rather a large area, especially when the 

belt is traveling at high speed. Grounded static collectors are used on top 

of the belt. A collector can be made of a wooden board covered with thin metal 
and about 25 or 30 nails driven through the board. The brush so formed should 
be well grounded. Care should be taken so that belt will not strike the nails. 


6. Neon signs 


Interference caused by neon signs can be eliminated in most cases by wrapping 
some bare wire around the tubing for a length of about one foot. The coil 
should be grounded on one end and fastened to the tube with transparent tape. 


7. X-ray and violet ray machines. 


These machines are blamed for much more interference than they produce espec- 
tally in the case of the late type machines. In cases of severe noise radia- 
tion, the entire room in which the machine is located must be screened and the 
grounded. Inductance filters should also be connected across the a-c line or 
any other lines to or from the room. This would, in most cases, be more cost- 
ly than the purchase of one of the new type machines which are almost noise 
free. 


8, Oil burners 
Most oil burners are equipped with noise suppressing resistors on the high 
tension leads. Vitreous enamel radio resistors of 20,000 to 25,000 ohms and a 
wattage rating of 25 to 50 watts can be used. The power supply should also 
be filtered. Connect a type three filter across the primary a-c leads and 
ground the center point to the transformer core. 
The Mallory Yaxley Company and the Tobe Mfg. vYompany make a specialty of sup- 
pressing devices and claim that most any noise (man made) can be suppressed 


by using one of their devices. In severe cases they will render engineering 
information and recommend a certain device. 


Summary Questions 

1. Are all noises coming from the speaker caused by trouble in the set? 
2. How can you tell where the noise is coming from? 

3. What is meant by triangulation? 


4, Why will the loop pick up signals stronger in one direction than the other? 


5. Can a suppressing device be used to eliminate natural static? 


* 
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PUSH BUTTON TUNING 
Objective 
To obtain information concerning different types of push button tuning. 


References 


Lesson Content 
A. Purpose and Advantage 


The purpose of push button tuning is to adjust the receiver to the frequency of 
the desired station by pushing a button lettered for that station. 


The advantages are as follows: 


1. More accurate tuning - the station will be tuned to almost the center of the 
resonant point on the tuning dial, thus giving better fidelity. 


2. Faster tuning - the button is simply depressed to tune in a station. 


3. Easier to get the desired station - no groping or searching for the station or 
reading a4 requency calibration on the tuning dial. 
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B. Classification of Types 
1. Mechanical type. There are two kinds of mechanical push-button tuning. 


a. The manual type is the kind found on most small AC-DC radios, also 
portables and auto sets. It consists of an arrangement of levers connected 
to a set of cams, so that,when the button is pushed,the lever is operated 
which turns the tuning capacitor to the right setting. 


b. The motor driven type consists of a set of discs or cams on a shaft which 
is connected to an electrical motor. The motor is adjusted so that it will 
stop when a certain place on the cam is reached, thus tuning in the desired 
station. Each disc is set for the desired station by a set screw which 
fastens the disc to the shaft. Fig. 1, 


2. Electrical type. 


In this type of push button tuning, the regular tuning capacitors are not used, 
but an arrangement of trimmer capacitors and switches is substituted, so that, 
when the button is pushed for a certain station, pre-set capacitors will be 
connected across the coils. These capacitors have been previously adjusted 
s0 that the circuit will be made resonant for that station. One trimmer cap- 
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acitor would be used for the oscillator circuit and one for each r-f stage. 

In a radio having one stage of r-f amplification, there would be one trimmer 
capacitor for the antenna coil, one for the r-f coil, and one for the oscilla- 
tor coil. If there is no stage of r-f ahead of the mixer tube, there will of 
course, be only two capacitors to adjust. Schematic diagram, Fig. 2, shows the 
general lay-out. 
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C. Adjusting procedure 


1. Mechanical 
Adjusting the push button in the manual type of mechanical push button tuning 
is usually accomplished by loosening the push button knob, pushing it in, and 
tuning the regular tuning control to the desired station. The push button 
knob is then tightened again. In some cases the push button knob itself does 
not loosen but the lever is loosened by inserting a screwdriver in an adjust- 
ing hole, and then tightened again when the regular tuning control has been 
tuned to the desired station. Adjustment should be checked by alternating 
between manual and push button tuning on the same station. 


The rules given here are general in nature. Specific instructions should be 
obtained for the particular set to be adjusted. These instructions should be 
followed closely. 


2. Hlectrical 


This type of push button tuning is very popular in modern radios, and instruct- 
tions for aligning these push buttons follow: 


a. Align the receiver in the regular manner. 


b. The frequency of each trimmer capacitor will usually be marked at a point 
above the adjusting hole. In most cases, any one can be tuned to any fre- 
quency in the broadcast band. . 


c. Set signal generator to the frequency of the desired station and connect to 
the antenna and ground of the receiver. 


d. Press the button which is connected to the trimmer capacitor which will 
tune to the frequency of the desired station. 


6. Adjust the oscillator trimmer first and then the r-f and antenna trimmer 
until maximum volume is obtained from the desired frequency. The volume 
of the signal generator should be kept as low as possible and the volume 
control on the set full on. 


NOTE: Steps "a to e" should be repeated for each station to be set for auto- 
matic tuning. 


62 Coyne Electrical School TA-RS-47 


Radio Service Lesson No. ll 


« TOMOTOR 
CIRCUIT 


1140 £. LINE 


SELECTOR 


TUNING 
DISKS CONDENSERS 


Fig.1 Two types of automatic tuning control systems 


Ant. Osc. Coil [Fos = 455 
Coll 
~~ ff fj |. y, 
720 75 670 N25 890 13451990 oO 1455 
WGN WMAQ WLS WCFL 


tH nd 
NOOO ( 
0 Ho dH 
28 WH. $d 
NTT - 
8 
|—-+ 
IH 


To A-V-C: 
Gircuit 
TA-RS-4:7 Coyne Electrical School 63 


Fig. 2A and B — 


Lesson No. ll Radio Service 
D. Adjusting Electrical Push-button Tuning Systems Without Using a Signal Generator. 


While for general aligning of superheterodyne receivers a signal generator is 
imperative, a good job of aligning of electrical push button systems can be done 
in the following manner. 


1. Tune in the desired station. 


2. Press the button and adjust the trimmers until the station is heard for which 
the button is marked. 


3. Check the adjustment by alternately changing from push button to manual tuning 
until the desired station is heard with equal volume on both. 


4, The volume of the receiver must be turned down, while making adjustments by 
ear, to the lowest audible sound. If the volume is too high, the ear will not 
be able to distinguish any change. The volume must be kept down to the point 
where a change can be noticed. 


NOTE: Steps 1 to 4 should be repeated for each station to be set for automatic 
tuning. 


Always get the data sheet on each receiver to be adjusted if at all possible. 

This information is usually given on the same sheet as the schematic in trouble 

shooting diagrams. : 
DD hs, Ch A 


E. Summary Questions 
1. What is the advantage of push button tuning? 
2. Is the main tuning capacitor used in electrical push button tuning? 
3. Can Electrical push botton systems be adjusted by ear? 
4, Would push botton tuning be advantageous in car radios? 
5. How would you check push botton alignment? 
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AUTOMOBTLE RADIO INTERFERENCE ELIMINATION 
Objective 


To study static and other forms of noise in automobile radios - methods used to 
eliminate noise in automobile radios. 


References 


Lesson Content 
A. General Information 


Noise in automobile radios is caused mainly by the ignition system and other elec- 
trical devices in the car. ‘Some means of suppressing the noise must be used. in 
automobile radio installstions. 


Present day manufacturers supply automobiles complete with necessary interference 
eleminators, but the service man will occasionally find a radio that has not been 
installed properly. To be successful, therefore, he must know how to eliminate 
interference. 


The well trained serviceman, besides his thorough knowledge of the radio, must 
also have a fundamental knowledge of the electrical systems in use in various 
makes of automobiles. 


The chassis of the car is usually referred to as the ground for the radio. It 
serves as a counterpoise for the antenna. 


B. How Noise is Fed Into the Receiver. 


The noise or static caused by the electrical system and other parts of the car 
may reach the receiver as follows: 


l. By direct radiation from the spark in the distributor which is picked up by the 
antenna and fed into the radio. Since this disturbance comes from under the 
hood, it will be suppressed by the hood. Thus the hood acts as a shield and 
prevents the disturbances from radiating to the antenna. Sometimes after a 
new paint job on a car, the hood does not bond properly when closed and will 
not, therefore, do a good job of shielding and noise will develop in the car 
radio. This is overcome, in some instances, by installing a strip of metal 
that has corrugations something like a nutmeg grater, along the base where the 
hood closes down. These corrugations cut through the paint thereby making a 
good ground. In some cars a special hood clip is used. 
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2. By direct conduction over the battery line in the car. Referring to Fig. 3 


you will see that practically all of the electrical devices in the car are 
connected directly to the radio by the battery line. Noises caused by any 

of the electrical devices will be directly conducted into the radio over the 
battery line and cause disturbance. Besides suppressing these devices at the 
source, which will be discussed later, most of this noise is prevented from 
coming into the radio over the battery line by two methods. 


a. R-f filter, so called because of the noise it is to suppress coming from 
the ignition system, distributor, generator, starter, etc., is rather high 
frequency. This filter is installed in the "A" line in the radio to reduce 
the amount of noise that is conducted into the radio from the line. Refer 
to Fig. 3. 


». Spark plates are installed just inside the case of the radio where the 
shielded "A" line enters. One plate is parallel to the case and connected 
to the line, the other plate forms the case itself which is connected to 
the shield; the two are separated by a dielectric which forms a rather 
large capacitor. A lot of the noise caused by ignition is suppressed in 
this manner. 


. By radiation from wires inside the car into the radio itself. This is cor- 
rected by confining the noise to the area under the hood, and preventing any 


conductor that passes from the engine compartment into the passenger compart- 
ment from radiating noise picked up in the engine compartment to thse passenger 
compartment and thus into the radio. The steering column, exhaust pipes, dome 
lights, ignition switch, tail light, gas gauge, etc. are shielded, bonded, or 


filtered as will be explained later. ' . 7 
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C. Sources of Interference 
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Electrical system of car-refer to Figs. 1&2. Each spark plug sparks once 
for every two revolutions of the crankshaft, therefore, if we have eight spark 
plugs, we will have four sparks for every revolution of the engine. This 
causes what is called high frequency which radiates from the high tension 
wires. The starter and generator can also cause noise due to arcing at the 
commutator. 


. Defective shielding of radio - The entire radio is mounted in a shielded case 


which is bonded to the frame or chassis of the car. Defective shielding will 
allow noises to be fed into the radio. 


. Bonding - defective bonding between metal sections of chassis and body or no 


bonding at all will cause a scratching noise in the receiver. In an ideal 
installation, all the metal parts or sections of the car or electrical devices 
should be bonded together. The parts bonded together will be at equal poten- 
tial. Difference in potential between these parts caused by poor bonding may 
produce noises in car radios. 


. Wheel static - In factories, you perhaps have noticed the belt static generated 


by a large moving belt. The tires on a car when in motion will develop a sim- 
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ilar static which causes a disturbance similar to distant lightning flashes. 


5. Antenna - at high speeds, the antenna will develop static that sounds like a 


high frequency whine in the radio. This noise may be suppressed by use of a 
Little ball installed on the top of the antenna. 
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D. Methods of locating interference 
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To determine whether the interference is being caused by the sources listed 
above, coming from the outside, or caused by a defect within the radio, the 
car should be road tested. After the car is in motion, the engine should be 
killed and the ignition as well as other electrical devices in the car should 
be turned off. If the noise continues, it is not being caused by the electrical 
system of the car. With the car electrical system eliminated as a trouble 
source, we may assume that the interference is being caused by static dis- 
charges from poor bonding, whsel static, outside interference, or from trouble 
in the radio itself. 


The next step is to stop the car and if the noise is still present we seal 


that it is coming from the outside or from the radio itself. 


We now short the antenna to ground and if the noise still continues we know 


that the trouble is in the radio itself. These noises will be covered in a 
later lesson on auto radio trouble shooting. 


. In cases where interference is difficult to locate, a small portable antenna 
may be connected to the receiver in place of the regular antenna. The antenna 
may be moved from one point to another. The interference will be greatest 
when the portable antenna is near the source of interference. Defective fil- 


tering devices may be located by substituting a good filter across the defec- 
tive one. 


EH. General Methods of Suppressing the Interference. 
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be 


Ignition coil interference is eliminated by use of a 1/2 to 1 mfd. capacitor 
from the battery side of the ignition coil ground. In severe cases, a capaci- 
tor at the ammeter and at the ignition switch will help. 


. Distributor interference is eliminated by use of a 10,000 ohm carbon resistor 


in the center lead. Refer to Fig. 6 (37 to 41). 


. Generator interference is due to commutator ripple and sparking at the brushes 


and is reduced by: & 


Coyne Electrical School TA-RS-47 


Radio Service 


TA-RS-47 


Speaker Generotor, 
Field Coil 
Ol Tube Lamps, etc. 


Heaters ~ Dash- 
R-F Ammeter 


To 
Vibrator 


T Spark ~ T 4 er 
= Plates zs ae 
Battery 
Pilot 

To Lamp Heaters and Generator, 
Vibrator Speaker Field Lamps, 

etc. 

Ammeter 
Choke Switch Choke 
Fuse 


oT Generator, 


Lamps,etc. 


To 


Vibrator Pilot 


Heaters 


Ammeter 


Fig.3 Circuit connections used between the car 
battery and the vibrator 


Coyne Electrical School 


Lesson No. 12 


69 


Lesson No. 12 Radio Service 


. Reseating the generator brushes. | 

Cleaning the cummutator with a cloth or fine sandpaper. 

Turning down the commutator in a lathe and undercutting the mica. 
By-passing the hot brush to ground with a 1/2 mfd. capacitor, 200 WV. 


ads 


. Shielding low tension wire leads from the battery to the lights, horn, heater, 


cigarette lighter, etc., may be necessary. The shield must be grounded and 
placed as far away from radio as possible. , 


. Shielding the radio 


a. The modern receiver usually is mounted in a well built, metal case with a 
tight fitting cover. 


The case must be securely fastened down and bonded to the car chassis. 


. Bonding - good bonding should be used on the: 


a. muffler and exhaust pipe 
b. steering column 

c. hood 

d. rear springs 

e. engine 


. Wheel static is eliminated by use of a coiled spring installed under the hub 


cap. The coiled spring should make a good contact between the axle and metal 
hub cap. 


The installation of the receiver and speaker depends upon the make and type 
of set being used. The radio manufacturer s recommendations should be 
followed, bearing in mind, of course, that on practically all modern cars 
provisions for a radio have been made by the manufacturer. 


F, Methods of Eliminating Interference on Several Popular Automobiles 


10 


The recommended list of where the installation of the suppressors, capacitors, 
ground straps, and static collectors will normally result in clear reception 
on each car is shown in Fig. 4. After eliminators have been installed as 
described, the set should be tested to see if interference is sufficiently 
eliminated. Conditions may vary on two cars of the same model and in some 
cases additional interference eliminators may have to be installed. The 
table in Fig. 4 suggests additional places where the installation of a 
capacitor or ground strap may do some good. To make a test, connect the lead 
of a by-pass capacitor with a capacity of 0.5 mfd. to the hot side of the 
Buspected unit. Ground the capacitor case or the second lead on a metal part 
of the car. When the position is found where the capacitor clears up the 
interference, the capacitor should be installed permanently. 


When installing a capacitor or ground strap, all dirt or paint must be clean- 
ed from the contacting surfaces and the connection must be tight. When a 
capacitor is installed on a generator, be sure to connect its lead to the 
generator armature terminal, for, should it be connected to the field 
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terminal, it will cause pitting of the voltage regulator points which will pre- 
vent the unit from operating properly. When installing static collectors in the 
front wheels, the inside of the dust cap and the center of the front wheels 
spindles must be clean and free from grease to give good results. Specific infor- 
mation for interference elimination on several different automobiles is given in 
the following paragraphs. 


lL. . Buick 


Insert a suppressor in the high tension lead to the center of the distributor 
cap. Connect the lead from a capacitor to the outside terminal (not the field 
terminal) on the generator and mount the capacitor on the generator cable clamp 
screw. Remove the cover from the ignition coil by inserting a thin blade tool 
under the edge of the cover about one inch to the left of the container seam. 
Push the tool between the lock and its recess, twist the end of the cover, and 
lift off the cover. Solder one lead of the capacitor to the case and connect 
the other lead to the terminal inside the cover. Do not attempt to connect 

this capacitor to the terminal on the outside of the coil as it will result 

in damaging the distributor points and will cause erratic engine performance. 
Install static collectors in the front wheel dust caps. The center of the 
collector supplied with Buick sets is made of self-lubricating material. To fit 
the collector in the larger dust caps used on Buick 80 cars, it will be necess- 
ary to flatten out the sharply pointed prongs on the collector. 
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Cadillac and La Salle 

Install a suppressor in the high tension lead in the center of the distributor 
block. Remove the air scoop from the generator and insert the capacitor lead 
through the rubber grommet with the generator wires and connect the lead to 
the armature terminal. Mount the capacitor on the generator ground screw. 
Install a capacitor on the ignition coil as described for Buick. Peen the dis- 
tributor rotor insert to lengthen it or install a radio rotor bar. Install 
static collectors in the front wheels on models 50, 52, 60S, and 72 making 
sure that the cotter pin is bent around the nut so that it will not interfere 
with the static collector. Bond the throttle control cable and the oil line 

to the dash with a ground strap and a self tapping screw. 


. Chevrolet 


An elbow suppressor and an adapter should be installed in the center terminal 
of the distributor block and attached to the high tension wire leading to the 
terminal. Mount a capacitor on the generator frame and connect its lead to the 
generator armature terminal. Mount a capacitor on the flange of the instrument 
panel near the ignition switch and connect its lead to the ignition switch. 
With a self tapping screw, connect the lead from another capacitor to the 
spring clip at the end of the fused lead from the dash unit and attach this 
clip to the discharge terminal of the ammeter. Ground the free end of the 
ammeter capacitor to a convenient mounting bolt on the under side of the in- 
strument panel. Connect a ground strap from the frame to the muffler tail pipe 
U-bolt. Install another strap from the rear valve cover nut to the dash. Then 
install static collectors in each front wheel, making sure that the cotter pin 
is bent around the nut so that it will not interfere with the static collector. 


. Chrysler, DeSoto, Dodge, Plymouth 


Screw a suppressor on the center high tension lead to the distributor block and 
plug the suppressor into the distributor cap. Mount a capacitor under the gen- 
erator ground lead screw and connect its lead to the "A" terminal on the gener- 
ator. Remove the three terminal nuts and wires on the back of the gasoline 
gauge dash unit and assemble a resistor in place. Then replace the wires and 
nuts. Bond the hand brake cable, heat indicator tube, oil line, throttle, chtke, 
and speedometer cables where they pass through the dash. Loosen the grommet 
holder screws and fasten a braid around the tubes and screws. Loosen the hood 
Side panel bolts on the left side and pry out the lower hood lacing screw. 
Attach a hood grounding clip spring with a self-threading screw using the hole 
from which the screw was just removed. Then drill anouther hole with a #29 
drill and insert a screw. This grounds the top and side of the hood to the 
cowl. 


- Ford and Mercury 


Mount a capacitor on the voltage regulator fastening screw and connect its 

lead to the bottom terminal of the regulator. Mount another capacitor with a 
special bracket on the distributor and connect its lead to the distributor 
terminal nut. Connect the lead from another capacitor under the center terminal 
on the oil gauge engine unit and mount it on the line. In some cases, it may 
be necessary to move this capacitor to the instrument board and connect the 
lead to the bar between the oil gauge and the fuel gauge indicators. 
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Cut the high tension lead to the center of the distributor block about one 
inch from the distributor and insert an inductive type of suppressor. Mount 
a capacitor on.the generator under the screw holding the wiring harness and 
connect its lead to the armature terminal of the generator. Mount another 
capacitor under the screw which secures the steering column bracket to the 
instrument panel and connect its lead to the ignition switch. 


. Hudson 


Clamp a capacitor under the rear nut holding the ventilator handle guide 
assembly and connect its lead to the "AM" terminal of the ignition lock. 
Attach its lead to the gauge unit terminal. Mount another capacitor on the 
upper rear cap screw in the engine water manifold plate and connect its lead 
to the terminal of the water temperature gauge unit. Another capacitor should 
be mounted on the rear of the generator with a machine screw. Connect its lead 
to the generator armature terminal. Install a suppressor in the high tension 
lead to the center of the distributor block. Mount a ground strap between the 
left rear cylinder head bolt and the dash. Fastening the strap to the dash 
with a metal screw and lock washer. 


. Lincoln Zephyr 


Install two capacitors with special brackets on the distributor and connect the 
leads under the terminal nuts. Install a capacitor on the overload relay 

which is mounted on the dash inside the car and over the steering column. 
Connect its lead to the same terminal on the relay as the battery lead of the 
radio set is connected. Mount a capacitor on the rear of the oil filter 
bracket and connect its lead to the terminal on the oil gauge. Mount another 
capacitor under one of the gasoline gauge tank unit bolts and connect its lead 
to the gauge terminal. This is accessible under a metal cover beneath the spare 
tire in the rear compartment. Mount another capacitor with a special bracket 
under one of the cylinder head bolts and connect its lead to the water gauge 
terminal. Another capacitor should be fastened to the voltage regulator mount- 
ing bolt and its lead connected to the "BATT" terminal. | 


. Nash 


Insert a suppressor in the high tension lead to the center of the distributor 
block. On Ambassador cars, it will be necessary to insert a suppressor in both 
center leads. Mount a capacitor under the generator ground lead screw and 
connect its lead to the generator armature terminal. Attach two hood ground- 
ing clip springs under one of the hood lining screws to ground the top and 


 gide of the hood to cowl. 


is 


Oldsmobile 


An elbow suppressor and an adapter should be installed in the center terminal 
of the distributor block and attached to the high tension wire leading to the 
terminal. Mount a capacitor on the ground lead screw on the generator frame 

and connect its lead to the "A" terminal on the generator. Attach the lead from 
another capacitor to the ammeter terminal to which the radio set wire is 
connected and ground the capacitor with another lead to the upper flange of the 
instrument panel. Install static collectors in the front wheels, making sure 
that the cotter pin is bent against the nut so that it will not interfere with 
the collector. 7 
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Packard 


Cut the high tension lead to the center of the distributor and insert a 
suppressor in it. Mount a capacitor under the ground lead screw on the gen- 
erator and connect its lead to the generator "A" terminal. Mount a capacitor 
on the instrument board flange and connect its lead to the feed line on either 
the ignition switch or the ammeter, depending upon where it does the most good. 
Interference from an electric clock can be eliminated by connecting an addi- 
tional capacitor to its ammeter terminal. 


Pontiac 


An elbow suppressor and an adapter should be installed in the center terminal 
of the distributor block and attached to the high tension wire leading to the 
terminal. Mount a capacitor under the head of the ground screw on the side of 
the generator case and connect its lead to the generator armature terminal. 
Mount another capacitor under the left hand instrument board mounting stud nut 
and connect its lead to one of the accessory terminal screws at the extreme 
front end of the lighting switch. Install static collectors in the front wheel 
inner dust caps, making sure that there are no burrs around the center hole in 
the wheel spindle which would cause excessive wear of the contact button. Bolt 
a ground strap to the cylinder head with a special screw and lock washer. On 
the six cylinder cars, connect the other end of the ground strap to the dash 
under the upper starter pedal bracket to a dash screw. On the eight cylinder 
cars, drill a 0.199 inch hole through the dash 2-1/8 inch above the upper 
starter pedal guide screw and connect the other end of the ground strap to the 
dash at this point with a self-tapping screw. Spot face around the hole to 
obtain a good ground connection. If the car is fitted with a "Fore-n-aft" 
underseat heater, it will be necessary to install a heater hose shielding. To 
make an installation, slip two pieces of braided metal loom over the hose and 
stretch them lenthwise until they are tight on the hose. Remove the clamp 
bolt from the double clip which supports the hose at the cylinder head and 
scrape away all paint and dirt from between the support and the clip and be- 
tween the support and clamp bolt nut to form a good ground. 


Studebaker Champion 


Cut the high tension lead to the center of the distributor block and install 

a resistor type of suppressor in it. Mount a capacitor under the generator 
ground lead screw and connect its lead to the generator armature terminal. 
Remove the three terminal nuts and wires on the back of the gasoline gauge 

dash unit and assemble a resistor in place. Then replace the wires and nuts. 
Ground the controls that pass through the two rubber grommets in the dash by 
using a braided shielding. Place one end of the shield under the screw on one 
Side, make a turn around each cable, and fasten the other end of the shielding 
under the other screw. Drill a 1/8 inch hole in the steering column jacket just 
outside the engine bulkhead. Also drill a 1/8 inch hole through the bulkhead 
just above the steering column and fasten a ground strap between the two points 
with self-tapping screws. . 


Studebaker Commander 
Cut the high tension lead to the center of the distributor and install a 


resistor type of suppresor in it. Mount a capacitor under the generator 
ground lead screw and connect its lead to the generator armature terminal. 
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Cut the high tension lead to the center of the distributor and install a re- 


sistor type of suppressor in it. 


Mount a capacitor under the generator 


ground lead screw and connect its lead to the generator armature terminal. 
Connect one side of a small mica capacitor to the battery terminal on the 
distributor and ground the other terminal of the capacitor under the distri- 
butor capacitor mounting screw. 


16. Install a suppressor in the center terminal of the distributor block and 


connect the high tension lead to it. 


Mount a capacitor on the generator 


ground lead screw and connect its lead to the generator armature terminal. 
Attach another capacitor under a junction block mounting screw and solder 
its head to the terminal of the brown wire leading to the oil gauge. Be sure 
that the floor board bolt heads are tight enough to make a good electrical 


contact. — 
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G. Summary Questions 


1. Name three ways that noise can enter the car radio. 
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2. What causes wheel static? 


3. What is the purpose of the “spark plates"? 


4. Is it possible to do away with all noises in car radios? 


5. What one thing would eliminate the need for any suppressing at all in car 


radios? 
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GENERAL CONSTRUCTION OF AUTOMOBILE RADIOS 


Objective 


To show how auto radios differ from home radios in construction. 


References 


Lesson Content 
A. General Requirement of Automobile Radios. 


1. Automobile radios must be made small and compact because of the limited  BES8S 
available for installation. 


2. They must be made very strong and rugged because of the vibration and shocks 
that they are exposed to when the car is in motion. 


3. The antenna and r-f stages must have a large gain because the antenna cannot 
be very long; consequently, very little signal is picked up. 


4. The aduio volume output must be rather high to overcome traffic noises, motor 
noise, wind, etc. 


5. Speakers can not be made very large and still they must be capable of handling 
a rather large output. They must be made fairly rugged. 


6. One of the most important requirements of a good auto radio is a good AVC 
system to compensate for very large changes in signal input strength which 
occurs at different places when driving. It must be remembered, in this 
connection, that the AVC can not produce a signal when there is none present, 
and, therefore, even with a good AVC system there will be places where a de- 
cided change in volume will occur. 


7. Antenna circuits are usually designed so that the antenna can be matched to 
the input circuit of the receiver. This is necessary in order to preserve 
most of the signal that is picked up by the very short antenna. 


8. Automobile radios are usually superheterodyne circuits. 


9. Automobile radios must be designed so that interference coming from the 
ignition system can be prevented from entering the radio over the battery 
line in the car which has a direct connection between the radio and all the 
electrical devices in the car. 


10. Auto radios must be easy to tune so that the desired station may be obtained 
easily and quickly. To simplify tuning, auto sets are usually designed with 
some form of push-button tuning. 


11. Installation must be accomplished easily and without too much cutting or 
drilling of the car. Most of the cars now have radios installed at the 


| 
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dealers,as regular equipment and for that reason have been engineered with 
that thought in mind. 
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Auto Radio Antenna Systems and Circuits. 


Because an antomobile rides on rubber tires, no part of its metallic chassis is 
at the potential of the earth, and we cannot have an antenna system of the 
capacitor type having the earth as one plate. The large mass of metal in the 
chassis and body of the automobile provides a satisfactory "lower plate" or 
counterpoise, while the elevated potential are developed between these two 
plates by the radiated fields of the signal. 


The shielded lead-in conductor extends from the bottom of the antenna to the 
metallic housing which encloses the receiver, and there the lead-in ordinarily 
terminates in a connector of the plug-in or else the bayonet type. The connector 
grounds the shielding of the lead-in to the receiver housing. The lead-in 
conductor may be of number 20 gauge standard copper wire with the external 
diameter over the insulation and shielding something between 3/16 and 1/2 inch. 


As was mentioned above, the auto radio must be designed so that the antenna can 
be matched to the input circuit of the set. These circuits in car radios are, 
for this reason, a little different than the home radios. 


Referring to Fig. 3, four typical auto radio antenna circuits are shown. In each 
diagram, "A" indicates the capacitor that is adjusted to match the capacitance of 
the antenna with the inductance of the input circuit to permit the maximum 
transfer of energy into the receiver. 


Referring to the same print, note that, in all of the diagrams, the line which 
furnishes the variable grid bias for the AVC goes either directly to the control 
grid or else through an inductance. 


In Figs. 1, 2, & 4, the control grid circuit is tuned to resonance by varying 
the value of the inductance "L". This is what is often called permeability 
tuning and is used quite frequently in auto sets. In Fig. 3, the tuning is 
accomplished in the regular manner by adjusting tuning capacitor, 


Several antenna circuits are shown in Fig. 4. The antenna trimmer capacitors 
are again marked "A" ,adjustable tuning inductances are marked "L", and the 
automatic volume control circuits are marked AVC. 


Antennas in use in car radios today are almost universally the vertical 
telescoping rod type as shown in Fig. 1. ‘Other types are shown in Fig. 2. When- 
ever the antenna is changed in a car radio installation, or the radio is changed, 
the antenna must be matched for maximum signal input. 
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C. In cars, the only constant source of electricity we have is the storage battery 
which is also used to supply current for all the other electrical devices. If 
too many of the electrical devices are drawing current from this battery, it may 
be replaced with an oversized battery. 


The battery usually produces six volts D-C, and, while this can be used as it is 

to light the filament of the tubes in the car radio, it is not high enough to be 

used on the plates and screens of the tubes. Therefore, some means must be used 

to raise the battery voltage to the desired value. -This is accomplished by using 
specially designed power supplies. | 


‘There are two main types of power supplies employed in automobile radios. 


1. Motor generator sets which are also called dynamotors, genemotors, rotary 
converters, and rotary transformers. These units are used mostly in large 
portable equipment such as in police cars. 


2, Vibro-packs, non-synchronous and synchronous. Vibro-packs are used extensively 
on passenger automobiles. They will be covered in detail in the following 
lecture on portable and mobile power supplies. 
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D. Suhenesy daaatilone 
lL. Why is a good AVC system almost a necessity in a car radio? 
ce. Why must car radios have a large input gain? 
3. Why must a special power supply be used? 


4, What is the most popular car antenna used today? 


5. Why must the antenna be matched to the car radio? 
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POWER SUPPLIES FOR MOBILE & PORTABLE TRANSMITTERS AND RECEIVERS 
Objective 
To study the different types of power supplies used for mobile sets. 


References 


Lesson Content . 
A. Power for Portable and Mobile Equipment Can be Obtained in’ the Following Ways: 
1. Batteries 


a. The battery, when used to light the filament, is called the "A" battery. 
The battery should be capable of supplying high current. 


b. The battery used to supply the voltages to make the plates and screens of 
the tubes positive is called the "B" battery. The current drain is com- 
paratively low (usually in milliamperes) but the voltage requirement is 
fairly high. ~ : 


c. The battery used to supply the voltage to make the control grid negative 
in respect to the cathode (grid bias) is called the "C" battery. The 
current requirement is zero or very low and the voltage requirement is 
also low. 


2. Batteries can be used in connection with vibra-packs: 


A six volt storage battery is used for the source and is stepped up by means 
of the vibra-pack to the value necessary for the plates and screens of the 
tubes. The filaments of the tubes are lighted or heated by voltage taken 
directly from the storage battery. ; 


3. Batteries can be used in connection with motor generator sets or rotary 
converters. 


A six, twelve, or twenty-eight volt battery is used to operate a motor which 
is connected by a shaft to the generator. The generator generates the voltage 
of the high value which is needed for the plates and screens of the tubes. 

The tube cathodes are heated by voltage direct from the battery. 
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Vibrator power supplies, usually called vibra-packs, are used in most automobile 


radios and low power transmitters. The vibrator is used for the following pur- 


poses: 


To change a low voltage DC to pulsating DC so it can be applied to the primary 
of a transformer and thus stepped up to about 300 volts AC depending on the use. 


To change, by rectification, AC voltage into PDC voltage which is then filtered 
and used on the plates and screens of the tubes in radio transmitters and re- 
ceivers. 


1. When a vibrator is used for both purposes listed above it is called a 
synchronous type. Such a vibrator is shown in Fig. 1C. 


The action of the synchronous vibrator is as follows: The voltage from the 
storage battery (6 volts DC) is fed to the primary of the transformers first 
going through the r-f filter. It is changed by the vibrator into six volts 
AC by means of a center tapped primary. The current from the battery flows 
alternately from one side of the primary to the center tap and then from the 
other side of the primary to the center tap. This is then stepped up on the 
secondary which is also center tapped, and this secondary AC voltage is 
rectified by means of another reed on the vibrator acting in synchronism with 
the one connected to the primary. The results being a PDC which is then fil- 
tered and supplied to the plates and the screens of the tubes in the trans- 
mitter or receiver. 


2. When the vibrator is used for changing DC to AC only, it is called a non- 
synchronous type. Such a power supply is also shown in Fig. 1A and B. 


The action of the non-synchronous vibrator is as follows: The voltage from 
the storage battery (6 volts DC) is fed to the primary of a transformer by 
first going through the r-f filter. It is changed by the vibrator into six 
volts AC in the same manner as for the synchronous types. In this type, however, 
- the secondary AC is rectified by means of a rectifier tube in the regular 
manner. This circuit is identical to one used in the AC to DC power supply 
which was constructed in Basic Radio. In some car radios, however, the tube 
used for rectification is a gaseous type, having no heater, but in others a 
regular heater type rectifier is used. 


Construction of Vibrators 


The synchronous type has either single or dual reed construction but with four 
sets of contacts, two for the primary and two for the secondary. 


The non-synchronous type is usually a single reed with but two sets of contact 
points. i 
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The contact points are made of tungsten steel, and the reeds, themselves, are made 
of spring steel. P 


A magnetic coil causes the reed to vibrate in much the same manner as a buzzer or 
doorbell. In some cases, the coil circuit is opened up when the reed moves away 

from a resting contact. In other cases, the coil shorts itself out when it draws 
the reed over to a contact to which this coil is connected. 


Buffer capacitors are usually connected across the secondary of the transformer. 
The buffer capacitors are especially valuable on synchronous type vibrators to 
prevent excessive sparking at the contacts. Buffer capacitors are sometimes 
mounted inside the vibrator itself. In other cases, these capacitors are mounted 
externally. 


The whole vibrator assembly is mounted on sponge rubber cushions and sealed in a 
metal can. This can has terminal pins, like a tube, to which the contact points 
are connected, and this is plugged into a vibrator socket on the chassis. 


D. Summary of Vibra-pack Operation 
1. A step-up transformer is used with center tapped primary and secondary. 


2. Windings of the transformer are connected to the contact points on the reeds. 


’ 


3. Reeds are vibrated electro-magnetically by the coil inside the can. 


4, Rate of vibration is determined by the stiffness of the spring and a weight at 
: the end of the reed which acts as a counterbalance. 


5. Buffer capacitors are connected from the ends of the secondary windings to | 
ground to prevent excessive sparking at the contact points on synchronous type 
vibrators and to reduce peak surges applied to the rectifier tube on non- 
Synchronous types. 


6. Resistors are connected across the primary of the transformer on non- 
synchronous type vibrators to reduce arcing at the contact points. 


{. Rectification is accomplished in the synchronous type by another reed on the 
vibrator and two more contacts connected to the secondary. 


8. Rectification is accomplished in the non-synchronous type by a tube used in 
the regular manner in a full-wayve rectifier circuit. 


9. Out put is fed to a conventional filter which smoothes out+the p-d-c and then 
to the transmitter, or receiver, or both. Sometimes an additional r-f filter 
is used ahead of this filter to provide additional filtering of noise being 
fed to the receiver over the "A" line. 
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Motor generator sets are sometimes used to supply power to operate portable or 
mobile radio equipment and their purpose is to step-up the low voltage from the 
battery into a high DC voltage to be used on the plates and screens of the tubes. 


Types - Generally speaking, the motor and generator are separate units connected 
together by a shaft; the combination is called a motor generator set (MG set). 
Sometimes, however, the windings of both the motor and the generator are wound 
on top of each other on a single armature for the sake of compactness, and these 
are generally known as: Rotary converters, Rotary REE EP aE Genemotors, and 
Dynamotors. 


The efficiency of motor generator sets is higher than that of rotary converters. 
Rotary converters, however, are used in most cases where weight and compactness 
is a factor in spite of their lower efficiency. 


The fields and armature in this type of equipment can be connected in the follow- 
in manner depending on the result desired. 


l. Series, gives a high starting torque. 
2. Shunt, gives good regulation. 
3. Series-shunt; (compound) gives both advantages. 


Rotary converters, such as are usually used with auto radio equipment, are 
usually shunt connected because regulation is the most important factor. 


Rotary convertors are used largely by the Army and Navy for their portable 
transmitting and receiving equipment, however, the vibra-pack has been 
perfected to the point where it is used almost exclusively for automobile 
radios. In fact all the latest Motorola police radio a al gi and re- 
ceiving equipment is powered by vibra-packs. 


F. Summary Questions 


1. In what type of vibra-pack is a tube used for rectification purposes? 


$ 


2. Can the DC in a battery be stepped up by using a transformer? 


3. Why are buffer capacitors used? 


4. How are the fields usually connected in rotary converters for mobile radio 
equipment? 


5. Which are the most efficient, motor generator sets or rotary converters? 
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AUTOMOBILE RADIO SERVICING 


Objective 


To study the technique used in modern auto radio servicing 


References 


Lesson Content — 
A. General information 


The technique used in servicing auto radios is somewhat different from that used 
in servicing home type radios. Generally speaking, it is not advisable to try to 
give "curb service" on car radios. In order to do a good servicing job, the 
radio should be removed from the automobile. 


| 
i 
a 

Automobile radio owners who wish continuous uninterrupted service from their 

radio have found out that it is advisable to have the radio serviced at least 

once every six months. The only satisfactory way for this to be accomplished 

is to remove the set from the car, make necessary repairs, replace all bad 

tubes, re-align the set, look for cold soldered joints, broken connections, etc, 

and then, when the set is re-installed, inspect and check the entire system for 

correct operation, noises, etc. A sticker should then be placed on the set show- 

ing the date that the set was serviced and another date six months later when it 

should be serviced again. The name of the serviceman should also appear on the be 

sticker. Police and aircraft radio equipment is also serviced in this manner. 
| 
| 
| 


The power supply in an automobile radio is different from home radios. It in- 
volves, in most cases, the use of a vibrator. The vibrator has been covered in 
a previous lesson. The operation and the servicing of these power supplies will 
be covered in this lesson. 


B. Servicing Power Supplies 


Vibrator types - There are three different types of capacitors which may cause —s 
trouble in the vibrator power supply. They are the r-f filter capacitors, the 

buffer capacitors, and the regular filter capacitors. These can be either open 

or shorted. If they are shorted, it will usually result in a blown fuse and, of 
course, a dead set. If they are open, it will result in interference being heard 
along with the reception. These capacitors are tested for a short in the usual 
manner and for an open by placing a good capacitor across them. 


If the set is allowed to operate for any length of time with open buffer 
capacitors, particularly in the synchronous type of vibra-pack, it will result in 
badly pitted contact points which will cause excessive heating and sparking and 
will finally result in a stuck vibrator. 
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- Other troubles are open windings on the transformer, open choke coils, etc. 
a 


Vibrators themselves have a limit to their useful life and have to be ronlecee 

every so often. 

CAUTION: When replacing a vibrator, it is advisable to check for other defects 
which may cause the new vibrator to become defective in a short time. 


Check buffer capacitors for an open. If you replace a defective vibrator with a 
new one without checking the buffer capacitors, it may be possible that one or 
both capacitors may be open. Open capacitor will, in time, cause the new vibra- 
tor to fail and then the customer will expect free replacement as he will think 
the first one was defective. Sometimes the buffer capacitors are mounted inside 
the vibrator itself, then, of course, when you replace the vibrator, you are also 
replacing the buffer capacitors. 


. Motor-generator Sets and Rotary Converters. 


Motor-generators are trouble free to a large extent. The commutator should be 
cleaned occasionally with sandpaper. Bearings must be kept oiled and brushes 

well seated. In some cases, if the commutator is grooved, it should be turned 

down in a lathe until it is smooth. Filter systems must be checked for opens 

and shorts. ' | 


In the larger type of motor generator sets, where the fields and the armature 
windings are readily changeable, it might happen that the wrong polarity could 
cause the pole pieces to lose their residual magnetism with the result that the 
generators would not generate. This can be corrected by momentarily applying 
correct d-c polarity externally until the pole pieces have been re-magnetized. 
Before this is done, however, the windings will have to be connected correctly. 


OT ———————— 
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Lees 
Step by Step Trouble Shooting Instructions 


1. The first thing to check is the storage battery source. This is usually done 
by stepping on the starter. If the starter turns the engine freely, then it 
can be assumed that there is ample power in the battery to run the car radio. 
The exact state of charge can be determined by using the hydrometer. If the 
battery is low, that is very likely the reason why the set is not operating. 
This could be due to the fact that the battery is overloaded, poor connections ~ 
on the battery itself, too mucy night driving, charging rate set too low, or 
not enough driving to keep the battery charged. In some cases, it might be 
necessary to recommend the installation of an over-size battery to take care 
of the load. The battery should also be checked to see that th water covers 
the plates in each cell. 


2. Check the radio fuse. If the fuse is blown, there must have been excessive 
current to the radio. Loose connections at the ammeter or the point where | 
the auto radio is connected could cause this or it would be caused by a short — 
in the power supply. A short in the power supply will cause a new fuse to 
burn out instantly. If it takes a little time before the fuse blows, the 
short is usually in the radio itself. 


« 
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3. Test the tubes 


4. Take a complete voltage reading at all the tubes. If there are no plate or 
screen voltages, it indicates trouble in the power supply, however, if there 
are some screen or plate voltages present it would be an indication that the 
power supply is all right and that the trouble is in the radio itself. Most 
troubles in a dead auto radio can be found by voltage tests. 


5. If tests indicate that all voltages are correct and the set still does not 
play, the next thing to do is to signal trace the circuit the same as in home 
radios. Any of the different methods may be used. 


6. After the trouble has been repaired, the set should be re-aligned. Auto radios 
especially need re-aligning every so often due to the vibrations and jars to 
which they are subjected’. 


7. The set is re-installed in the car and checked for correct operation. 
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E. Main Causes of Failure in Car Radios. 
L.| No eee plus voltage 


a. Short circuit in primary winding of transformer due to vibrator: sticking or 
shorted capacitor. 

b. Short circuits in secondary windings of transformer due to shorted buffer 
capacitors, electrolytic capacitors, or in the set itself, as indicated 
by excessive primary current, one or two amperes over normal. 

c. OZ4 rectifier tube not starting due to low storage battery voltage. 

d. Defective OZ4. This can be replaced with an, @ which will last longer and 
gives less trouble. In this case, we heaters’ will have to be wired in. 


e. Low emission of or 624. 
f. Break in wiring due to corrosion or vibration. 
g. Open filter choke. . 


2. Low "B" plus voltage 


Weak battery (a very common trouble) 

Worn out vibrator 

Low emission of rectifier tube. 

Partially shorted filter capacitor. 

Intermittent short of buffer capacitor across secondary. 
Excessive current drain due to the short in the radio itself. 


FPboando Dp 


F, Causes of Internal Hum and Noise in the Radio Itself. 


1. Vibrator hash due te open or wrong size buffer capacitor. This noise sounds - 
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Similar to distributor and ignition hash. One way to quickly determine this 
is to race the engine. If it is vibrator hash, the noise will not accelerate 
with the speed of the engine. si 


Metal cover on power unit or on the receiver not making good contact. Caused 
usually by lock washers having been left off or nuts not tight. 


Position of leads carrying primary current. If you have a hum that is hard 
to locate, try moving these leads from one position to another. This some- 
times helps. 

Faulty filter capacitor. 


Mechanical hum due to vibrator contact with other parts. 


Intermittent hum or noise due to lead making and breaking contact while car 
is in motion. 


Open paper capacitor across rectifier filament. 
Broken leads inside the vibrator itself. 
Shield screw loose. 


R-f Filter capacitor open. 


G. General Hints on Auto Radio Servicing 


he 


Don't crawl over the car upholstery with oil, grease, or dirt on your cloth- 
ing. The customer objects to having his upholstery spotted or soiled. 


If you promise the customer that his car radio will be ready on a certain 
date, make sure that you do not disappoint him. 


ot 


Servicing a car radio is just as easy as servicing a home radio, that is, if 
you are equipped for the job. In fact, it is much easier to get at the 
sockets in a car radio than in a home set and it is generally more profitable 
to service a car radio than most small AC-DC home sets. 


When removing the car radio from the car, do it expertly. The customer will, 
in many cases, be standing by and it is important that your customers have a 


favorable impression. 


A. Summary Questions 


=, 
Le | 1B vhatyway is trouble shooting in auto radios different from home radio ser- 


Kegs bad 
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2. Is it advisable to give curb service when servicing car radios? 


3. What should be checked when installing a new vibrator? 


‘4, What would cause excessive sparking at the vibrator contact points? 


5. Would a low storage battery voltage cause a dead set in a synchronous type of 
power supply? 
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TRANSMITTERS - STAGE BY STAGE DESCRIPTION 
Objective 
| To become acquainted with the operation and use of modern transmitters. 
References 


Ak § 


Lesson Content 


Introduction - In studying the different stages found in a transmitter, you will 
find the same principles are involved that are used in receivers. The same five 
purposes that tubes were used for in receivers still hold good in transmitters. 
The arrangement is different, however, and, generally speaking, more power is hand- 
led in these transmitting stages than when they are used in receivers. The purpose 
of this lesson is to show how the different stages are combined to form the transmitter. 


A. Transmitter Oscillators 


1. Purpose of an oscillator in a transmitter is to produce the r-f carrier which 
is then amplified in succeeding stages. The oscillator is generally called 
the heart of a transmitter. Any variation of the transmitters aa eae! or 
drift would be attributed to trouble in the oscillator stage. 


’ 2. There are many types of oscillators called by many different names. Some of 
3 them are Hartley, Tuned plate, Tuned grid, Crystal, Colpitts, Meissner, 
Regenerative,and many others. Rather than take up the many different types 
by name they may be studied under three classifications as follows: 


a. By'’the type of excitation. They can be either self-excited or the fre-_ 
quency output can be determined by using a quartz crystal. 


b. By the manner in. which the plate circuit is coupled to produce feedback to 
the grid circuit to sustain the oscillations. It can either be coupled to 
the grid by means of a coil (inductive coupling), or by means of capacitive 
coupling either by an external capacitor or by means of internal capacity 
between plate and grid. 


c. By the manner in which the voltage is applied to the plate. If voltage 
is directly fed to the plate without going through a tank circuit, it is 
shunt feed. This can also be used in amplifier circuits and the advan- 
tage is that the plate voltage is kept off of the coil. If the voltage 
is fed to the plate through a tank inductance.it is then called series 
feed. The disadvantage here is that the voltage is on the coil and the 
coil must be insulated from the chassis.. This is all right for bread 
board construction, but, when a metal chassis is used, the tuning capacitor 
across the inductance as well as the inductance itself must be insulated 
from the chassis or a direct short will result. When a metal chassis is : 
used for transmitter construction, shunt feed is always used, or the tuning 
capacitor is insulated from the chassis. 
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‘4 3. Requirements 


a. The oscillator must be stable in operation, in other words, the stage 
skould start oscillating as soon as the plate switch is turned on. This 
is accomplished by detuning slightly and lightly loading the oscillator. 
This will be explained further in a lesson covering the tuning of a trans- 
mitter. 


b. Must not drift (change frequency). Drift is usually due to the crystal 
being defective or, in the case of self-excited oscillators, due to trouble 
in the tuned circuit or overloading. 


3 Lf a Le 
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B. Intermediate Radio Frequency Amplifiers (I.R.F.) 


1. The purpose of an intermediate radio frequency amplifier varies depending upon 
how it is tuned adjusted. It can be adjusted to serve three different purposes: 


a. Straight amplifier - simply adjusted so that the energy fed into it from the 
oscillator will be amplified. The operation is usually class "A" or "C". 


b. Buffer - here it is used to act as an isolating stage between the self-excit- 
ed oscillator and the final amplifier to prevent variations in the oscilla- 
tor frequency when the transmitter is keyed or modulated. This is usually 
accomplished by adjusting the IF so that it does not amplify. This is done 
by either reducing the plate voltage or increasing the grid bias. 


c. Doubler - the purpose of the doubler is to double the frequency that is fed 
into it from the crystal oscillator. The grid is tuned to the oscillator ~ 
frequency and the plate circuit to the second harmonic of the oscillator. 
This arrangement is used in transmitters when the crystal control of the 
oscillator is desired on frequencies higher than the crystal can be ground 
for. It can also be used as a tripler. 


2 Requirements 
a. An i-r-f amplifier must be adjusted so that it will not oscillate. This 
is accomplished by using a screen grid tube or by a method called "neutral- 


izing" which will be explained in a later lesson. 


b. Resonant circuits must have the correct LC ratio. By this, we mean the 
relation of the size of the coil to the size of the capacitor tuning it. 


4 
en yy 
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C. Power Amplifier (modulated amplifier or final amplifier). 


1. Purpose of the power amplifier is to give the final amplification to the 


96 Coyne Electrical School | TA-RS-7 


Lesson No. 16 


7 
a. 


ate 


Radio Service 


ee eee ee a ee ee ee ee ee ee ee ee eee 


iv PFNOATD 104}; UsUBT], TequeMepuUNT, V T “STa 


= a? ee? pie See F ee ieee sd 
| btw 4 
| bs eS 
Cs ,* a + 5 ape 
LL 
| oa a 


3 Oy | a 13(qnoqQ 
ON 43a4jng 
dw 4461044 


» Xt 
od 
) a 


— 


97 


Coyne Electrical School 


TA-RS-47 


Lesson No. 16 ‘ Radio Service 


desired carrier before it is fed to the antenna. It is a straight amplifier — 


operated nore "Cc" in most stations. When modulation takes place ina 
previous sta inear class 'B" meduletkon=resudes . 


a a nfl flare t€ saamrnehy aftistd 


If the power amplifier is used in a CW transmitter, the stage is usually fovottt 
however, keying can also be done in previous stages. 


If voice modulation is used, the power stage may be modulated by the audio fre- 
quencies generated by the voice or music. Modulation can also be done in 
previous stages. 


2. Requirements 


a. 


The power amplifier must be capable of tuning exactly to the desired 
frequency with the correct LC ratio. Sometimes it is a push-pull stage to 
eliminate the second harmonic from being radiated. If one tube only is 
used, it is called "single ended" 


. Must be easily excited to be able to be operated with as little power as 


possible from the previous stage. This power is called "excitation grid 
mills". 


. Must have a high amplification factor because this is the final amplifica~ 


tion the signal will receive before it is radiated. 


. If triode tubes are used in the power cies, the stage must is designed so 


it can be easily neutralized. 


. The power stage can be either single ended or push-pull. 


D. Modulator Systems (used when voice or music is to be transmitted) 


ds 


The purpose of the modulator system is to change sound waves into electrical 


impulses, amplify them by means of a-f amplifiers, and impress them upon the 
rel- Carrier. 


. Types 


a. Amplitude Modulation 


Ib. 


The audio frequencies are impressed upon the r-f carrier in such a manner 
that the amplitude of the carrier is changed between two fixed points by 
the voice or music. The frequency remains constant. © 


Frequency modulation 
The audio frequencies are impressed upon the r-f carrier in such a manner 


that the frequency of the carrier is varied between two fixed points by the 
voice or music. The amplitude is kept constant. 
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Fig. 3 Class "B" Modulator 
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Fig. k Grid Modulation 
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High level modulation 


High level modulation takes place in the highest or last stage of the 
transmitter just before the signal is fed to the antenna. 


. Low Level modulation 


Modulation taking place in a lower stage of the transmitter. (Grid modula- 
tion in any stage is also considered low level modulation even if it takes 
place in the final stage.) 


3. Methods of modulation 


a. 


d. 


Plate modulation takes place in the plate circuit of the tube. Common types 
of plate modulation are: . 


1. Heising modulation which is accomplished by using a choke in series with 
the power supply which supplies "B" plus voltage for both the final 
amplifier and the modulator tube. A dropping resistor and a by-pass 
capacitor is used between the modulator tube and the final amplifier. 
rag, 2. 


2. Class "A" modulation which uses class "A" audio amplifiers. 


3. Class "B" modulation which uses class "B" audio amplifiers. Fig. 3. 


. Grid modulation is accomplished in the grid circuit of the tube by varying 


the grid bias. Fig. 4 


. Cathode modulation is accomplished in the cathode circuit of the tube by 


varying the grid bias. ne 


Suppressor grid modulation takes place in the suppressor grid circuit. 


4, Requirements 


ae 


Amplitude modulation must have an undistorted output equal to one-half of 
the carrier strength in the case of plate modulation, less in other 
methods. 


. Frequency modulation must have the power output necessary to swing the car- 


rier between the limits set for 100 per cent modulation by the FCC. 
(Federal Communications Commission) 


5. Microphones 


Microphones are used in modulator systems to change variations in sound waves 


into electrical impulses which are then fed to the modulator system. 
RE eA i dihees ¢ J Bpw hy f 
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1. Purpose ~~ 
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Fig. 5 Two methods of grid-block keying. 
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Fig. 6 Schematic circuit diagram of a relay keying system. 


Fig. 7 Two types of key-click filters. 
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Fig. 8 Interstage coupling between single ended and a 
push-pull stage. 
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To start and stop the carrier to form dots and dashes of the International 
Morse Code. Code is still the fastest way of sending messages intelligently. 
The letters E, G, B, V, T, etc., sound almost the same when spoken over a 
microphone. A phonetic alphabet must, therefore, be resorted to which takes 
longer than the use of code. 


2. Types of keying systems 


a. Plate keying in low power transmitter - the plate circuit is broken with 
the key to form the dots and dashes. In higher power transmitters, this 
results in too much arcing at the contact points and is not used. 

e 


b. Screen keying - the screen circuit is broken by the key. 


c. Grid blocking keying - the tube is biased to cut off, and some of the bias 
shorted out, by the key when it is depressed ai iagdns the tube to apes 
Fig. 5. 


d. Relay keying is used in remote control installations when the key simply 


operates a low voltage relay which in turn controls a high voltage relay 
switch at the transmitter. Fig. 6 


e. In a-c line keying, two power supplies are used; one to keep the tubes 
heated and the other to supply the plate and screen voltages. This power 
supply is keyed in the a-c line thus stopping and starting the carrier. 

3. Types of keys 


a. The conventional lever type is used satisfactorily for medium speed of 
less than twenty words per minute. 


b. The semi-automatic type, sometimes called a speed key or a Bugg, has a 
very sensitive side action. This type key is used for high speeds to 
prevent key fatigue. . 


4, Requirements 


a. Key circuits must be adequately filtered to prevent key clicks ip 
neighboring radio receivers. Fig. 7. 


b. Contact points must be large pee to carry current of the circuit which 
is to be keyed. 


—c. Must be well balanced to prevent key fatigue (cramps in the fingers or 


wrist from continuous pag : 
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_F. Power Supplies 


1. The purpose is to furnish power to light the filaments of the tubes, furnish 
the plate and screen voltages, and bias voltages for the grids of the tubes. 
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Power supplies for portable transmitting equipment were covered in detail in 
a previous lesson. 


2. Stationary transmitters usually get their power by using a power supply in 
connection with a-c line source voltage. These power supplies are much the 
same as those used for receivers, except they are designed to furnish much 


higher voltages and current. 


3. Requirements 


a. The power a must be adequately filtered to supply pure Direct 
Current. 


b. Must have very good regulation (ability of the unit to maintain fairly 
constant voltages under varying loads). This is accomplished by using 
choke input and heavy bleeders across the output. 


c. Must be designed for constant operation if this is needed. This is 
accomplished by providing a a pol factor which was covered in Basic 
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G. Complete Transmitter Stations (Fig. 1) 


Different combinations of the above described stages can be used to form a 
complete transmitter, depending on what is required. The stages are coupled 
together by capacitive or inductive means as shown in Fig. 8. 


/1. Oscillator only - if self-excited, it is not considered good practice either 

| to modulate or key the oscillator, but, if the oscillator is crystal con- 
trolled, it can be modulated and then would constitute a complete transmit- 
ting station. Its power output would be fairly low, however, never more than 
30 watts. 


2. Oscillator and power amplifier - consists of an oscillator coupled to a final 
amplifier. The oscillator and amplifier are usually keyed simultaneously in 
a locked circuit arrangement. Not very often used with voice transmissions. 


3. Oscillator, intermediate radio frequency, and power amplifier, used for CW 
transmissions. , 


4. Oscillator, laa radio frequency, and power amplifier for voice or 
music. | 


5. Intermediate radio frequency amplifiers could be tuned up as straight 
amplifiers, buffers, or doublers, and used in transmitters to be keyed or 
with modulator systems for voice or music. 


6. Requirements 


a. Transmitters must have the right combination of stages as listed above 
to suit the application required, depending upon: 
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Fig. 9B Inductive coupling. 
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Fig. 9C Inductive coupling. 
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. Amount of power to be radiated. 

. Frequency of signal to be radiated. 

. Type of modulation which is to be used 

; ae of frequencies to be covered by the station. 
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H. Summary Questions 

_ Would a buffer be necessary when a crystal oscillator is used? 

2. Should a buffer amplify? 

3. When is a doubler stage used? 

4, Which stage in a transmitter is usually considered the heart of a transmitter? 


5. In what important way would power supplied for transmitters differ from those 
used with receivers? 
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Objective 


Jie! 


\ 


study the use of crystals in transmitters, receivers, microphone and ear-phones. 


References 


Lesson Content 


A. 


General Principles of Operation 


When piezo-electric crystals are vibrated or stressed, an electric charge or 
voltage appears across the surfaces. 


Conversely, when a varying charge or voltage is applied to two crystal surfaces, 
the crystal will vibrate. The frequency of the vibration depends upon the thick-_ 
ness and the cut of the crystal or upon the frequency of the applied voltage. 
Generally speaking the thinner the crystal, the higher the frequency at which 

it can be made to vibrate. 


os 


- The natural tendency of @ME..crystals to change their shape under electro-static 


stress is known as the piezo-electric effect. This effect is present in a 
number of crystals. Those generally used in radio work are quartz crystals and 
rochelle crystals. Quartz is a natural formation which may be mined from the 
earth, while rochelle salts are usually grown by mixing certain chemicals to- 
gether in a container and allowed to stand until the crystals have formed. 


PPE es 
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. General Construction 


Quartz crystals are used because they are available in large quantities and fairly 
inexpensive. Rochelle salt crystals are used in microphones and headphones. 


Quartz crystals in their natural state are hexagonal prisms, although they are 
not always symmetrical, that is, the sides are not always the same width. 


For use in electrical circuits, these crystals are cut in slabs or plates, the 
geometry of which bears certain relations to the geometry of the crystal struct- 
ure. The axis along which these slabs are cut is determined by using polarized 
light. After the axis along which they are to be cut is determined, the whole 
crystal is mounted in soft wax or plastic so that this axis is horizontal to the 
board upon which it is being mounted. After the bonding material has dried, the 


crystal is sawed into the desired slabs. | 


After the plates or slabs have been trimmed to the proper Size, they are then 
precision ground to the right thickness which will determine the natural frequency 
at which the crystal will vibrate when a voltage is applied to the plates. 
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This grinding is done in the same manner as lens grinding. The slab must be 
kept perfectly level while grinding, otherwise it will result in one side of 
the crystal being ground to a different frequency than the other side, thereby 
ie a a ee . ioe sie sould shen) ia aa of 


Types or Cuts of Crystals 
1. "X" cut crystals 


A plate so cut that its major flat surfaces are perpendicular to an "X" axis. 
Fig. 4A. When looking at this cut, it will seem that it is a "Y" crystal be- 
cause it is cut along a "Y" axis. This is not so, however, because the major 
surfaces are perpendicular to an "X" axis, and these are the surfaces which 
vibrate and therefore it is called an "X" cut crystal. 


2. "Y" cut crystals 


"Y" cut crystals are also called thirty degree cuts. A plate so cut that 
its major flat surfaces are perpendicular to a "Y" axis forms a "Y" cut 
crystal, Fig. 4B. The major flat surfaces are perpendicular to a "Y" axis 
making it actually a "Y" cut even though it is cut along an "X" axis. 


The reason for having different cuts is to get a crystal that will be fairly 
thick at high frequencies. Remember that the higher the natural frequency of 
the crystal, the thinner it will be. At high frequencies, it may be so thin 
that if will break when vibrating. "X" cut crystals are thicker for a given 
frequency than a "Y" cut and are usually more stable. | 


Crystals are affected in frequency ‘output by temperature changes. Some cuts, 
however, are less affected than others. Temperature change has greater effect 
on "Y" cut crystals than on "X" cut crystals. 


Where "unvarying frequency" must be maintained in transmitting stations, crystals 

are mounted in temperature controlled ovens where the isa edie is maintained 

at a gat a electrically. 
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1. Microphones 


The microphone crystal is mounted between the diaphragm and holding plate, 
and when the diaphragm is vibrated by variations of air pressure resulting 
from the voice or music, the crystal will also be vibrated thereby genera tne 
a feeble voltage which is then fed to the speech amplifiers. 
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(a) X-cut crystal. (b) Y-cut crystal. 
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(a) Actual crystal circuit. ; (b) Equivalent electrical 
circuit. 


Fig.5 Crystals and their equivolent circuits 


TA-RS-47 - Coyne Electrical School 109 


Lesson No. 17 : | | Radio Service 


2. Headphones 


The voltage from the power amplifier in the radio or amplifier is applied to 
the surfaces of a crystal which is mounted in the head-phone between the 
holding plate and the diaphragm. This voltage causes the crystal to vibrate 
which in turn causes the diaphragm to vibrate and produce sound waves. 


. Crystal oscillators 


The crystal is connected in the grid circuit of an oscillator tube in such a 
manner that the "feedback" from the plate circuit is applied to the surfaces 
of the crystal causing it to oscillate at a certain frequency determined by 
the cut and thickness of the crystal. Crystals are used in this manner to 


establish the frequency of the r-f carrier in transmitters. 


. Crystal filters 


Crystal filters are used in certain receivers to control the frequency limits 
of the i-f band pass filter. . 


E. Care of Crystals 


110 


1. The amount of voltage applied to crystals should never exceed 250 volts. At 
voltages higher than 250, shattering of the crystal might result. 


. Crystals having a high frequency are necessarily quite thin and are shattered 


easily. Crystals above 15 megacycles are usually impractical and are seldom 
used. These higher frequencies are usually obtained by using crystals of 
lower frequencies in connection with frequency doublers. 


. In certain types of crystal oscillators (tritet oscillators), the screen 


voltage is very critical. The screen voltage should be adjusted until the 
screen current does not change or creep during operation. If this voltage 
is not properly adjusted, it may result in a hole being punched through the 
crystal. 


. Crystals must be kept absolutely clean and free from grease or oil. The 


operating surfaces must never be touched by the fingers. 


. Crystal holders are now designed so that cleaning is rarely required, and 


for the most part,crystals do not need to be removed from the holder. 


. Perhaps the best insurance for a perfectly operating crystal is to leave it 


alone; that is, do not remove it from the holder. If it does not operate 
properly, there is very little you can do to correct it anyway, and a new 
one must be used. Cleaning a crystal usually results in a slightly changed 
frequency. : 
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What is the piezo-electric effect? 

What would be the best way to insure good suena ttied of a crystal? 
What is the main purpose of having different cuts of crystals? | 
Would a crystal be ground thin or thick for very high frequencies? 


Name some of the uses of crystals in radio work? 
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PUTTING A TRANSMITTER ON THE AIR - TUNING UP PROCEDURE 


Objective: To obtain information concerning the procedure steps used when tuning up an 
average transmitter preparatory to putting it on the air. 


References 


Lesson Content 
A. License Information 


1. It is unlawful for anyone but a licensed operator to tune up a transmitter and 
set it in operation even if a dummy antenna is used. 


2. The station license should be posted preferable on the transmitter itself in a 
conspicuous place. 


a license of oe — in charge a be posted near the operating = 
mich (prod ~t 1 j adh LE ra 
4, A eae pera Coneiatine of a light bulb of the proper wattage or a resistor 
of the proper resistance, should be connected in place of the antenna during 
the tuning up procedure. 


LLL 


B. Adjusting the Oscillator. 


The oscillator is the first stage in a transmitter to be adjusted. If it is a 
crystal controlled oscillator, the first thing to do is to see that the proper 
crystal is plugged in the holder socket. The frequency will usually be stamped 
on the crystal holder. 


In some transmitters, the proper channel, or crystal, is selected by means of a 
channel selector switch which is marked directly, or has a calibration chart 
which indicates the frequency. 


The plate voltage switch should now be turned on and the tuning capacitor quickly 
tuned through resonance which would be indicated by a dip or minimum reading 

in the plate milliammeter which is connected in series with the plate circuit. 

The reading should not be left at minimum. The circuit should be detuned slightly 
by turning the tuning capacitor plates a little further in than is necessary for 
resonance. This is to insure relatively light loading in the oscillator itself so 
that the oscillator will start oscillating every time the plate switch is turned 
on. A crystal oscillator circuit that is no oscillating would be indicated by 

a high Ip reading with no dip. A crystal oscillator should not be left in an 
inoperative state. The plate voltage switch should be quickly turned off to pre- 
vent damage to the crystal. 
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If there is no plate meter in the oscillator, a wave meter or r-f indicating de- 
vice should be held close to the tuned inductance in the oscillatar. The ocillator 


should be adjusted for greatest indication of r-f. 


The frequency should now be checked by using a wave-meter, or, if no wave-meter is 
available, the frequency can be checked by using your receiver with a disconnected 
antenna and ground. The sensitivity control should be turned down and the beat 
frequency oscillator (BFO) turned on. Tune the receiver to resonance with the 
out-put of the oscillator which would be indicated by the lowest pitch of the BFO 
note. 


If the oscillator is self-excited. that is, no crystal is used, the oscillator 
tuning capacitor should be set so that the oscillator has the desired frequency. 
This point will not necessarily be a point of minimum reading in the plate meter, 
although for perfect operation of a self-excited oscillator, the amount of induct- 
ance and capacity in such an oscillator should be designed so the dip will occur 
at the desired frequency. Satisfactory operation can be achieved, however, with- 
out this ideal. 


The oscillator should now be checked for drift (see if it changes frequency in 
operation) by using the wave-meter or receiver with the BFO on. If a receiver is 
used, the pitch of the BFO should remain steady. If it gradually gets higher or 
lower it means that the oscillator is drifting. 


The dak OF the CaGLLLSLOr should now be coupled cma to the harsh le 


cil, ws 
C. Adjusting the IRF Amplifier. 
The IRF amplifier, if one is used, is the next stage to be adjusted. 


When the amplifier is used as a straight nen adjustments should be made as 
follows: 


1. The plate switch is turned on and the plate tuning capacitor is adjusted for 
greater dip as indicated on the plate meter. 


2. If the grid circuit is tunable, adjust the tuning capacitor for the proper 
grid electron flow. This reading is read on the grid meter. If the grid 
circuit is not tunable, adjust the coupling tap on the oscillator for proper 
excitation of the tube used in the IRF. If proper excitation value is not 
known, tune for maximum grid milliamperes and reduce later for best operation. 


3. Check the frequency with a wavemeter or with a receiver. The frequency should 
be the same as the oscillator frequency. 


Buffer Amplifier 


When used as a buffer amplifier, the IRF amplifier should be adjusted in the same 
manner as a straight amplifier, except the bias should be adjusted, or the plate 
voltage reduced, until there is very little amplification. The purpose of this 
stage is not to amplify but to act as an insolation stage between the final ampli- 
fier and the oscillator. 
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Frequency Doubler 


The adjustments are the same as for a straight amplifier except that the plate 
tuning capacitor should be adjusted for greatest dip as indicated on the plate 
a the second harmonic of the oscillator frequency. 


” 2 ¢ 
}en tk 


SENSITIVE ABSORPTION FREQUENCY METER 
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Dial Calibration Chart 
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The output frequency of the buffer should be very carefully checked with a wave- 
meter. A receiver is not so good for this purpose because the operator would be 
confused between the fundamental and the harmonic, both of which could be picked 
up equally as well with a receiver. ‘. vse 


. The Final Amplifier. ‘(Other names are "power amplifier", "modulated amplifier", 


etc.) 


Adjusting the final amplifier eve for continuous wave (CW) operation (code). 

1. The key should be closed permanently for testing by putting a weight on it and 
screwing it down or closing the side switch if it has one. Where the key is 
plugged into a jack, it is simply pulled out of the jack which automatically 
closes the keyed circuit. 


2. Excitation from the previous stage should be adjusted for the proper amount as 
indicated by the grid meter. 


3. Plate tuning capacitor should be adjusted for the greatest dip as indicated 
on the plate milliammeter and re-adjusted after antenna is connected to the 
transmitter and tuned up. 


4, If a triode tube is used, it must now be neutralized. This will be covered in 
a special lesson. 


5. The key should then be plugged in and the final amplifier keyed for constancy. 
If the oscillator is killed by the keying, it indicates too close coupling be- 
tween stages and this should be loosened by decreasing the excitation to the 
different stages. 


6, Keying should be checked for quality or note. ‘ 
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(. Frequency of the output should be checked again. 
Adjusting the final amplifier for voice or music operation. 


1. The same procedure as given above, except, of course, there would be no keying 
to be checked, and the modulator should be connected to the final amplifier 
and output adjusted for 100 percent modulation, or just below 100 percent modu- 
lation. 


2. Excessive flickering of the needle on the plate milliammeter would indicate 
the following troubles; 


a. Too much modulation power. (Turn gain control down). 

b. Too little modulation power. (Turn gain control full on and, if this is not 
enough, reduce r-f carrier.) 

c. A mis-match between modulator and final amplifier. Adjust the tap on the 
modulation transformer. 
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d. A mis-match between antenna and final amplifier. This was covered in a pre- 


vious lesson on antennas. 

e. Imperfect neutralization. (To be taken up later) 

f. Improper bias. The final amplifier is usually operated class "C" and is 
biased to twice cut off. This is done by applying enough grid voltage to 
cut off the plate electron flow entirely, and then doubling it. 


E. Antenna Coupling 


1. The dummy antenna should now be removed and the regular antenna connected to 


3. 


the transmitter by one of the methods given in the previous lesson on trans- 
mitting antennas. Adjust for maximum r-f as indicated by an r-f meter in 
series with the antenna, or by use of an antenna coupling field strength in- 
dicating instrument located a little away from the antenna. In case neither 
of these instruments is available, adjustments may be made for increased IP 
in the plate circuit of the final amplifier. 


A perfect match is indicated by a dropping off to the unloaded value when 
the antenna is disconnected from the transmitter as indicated in the final 
plate meter. Satisfactory operation can also be had by re-tuning the final 
amplifier to a new minimum dip after the antenna is connected. 


Another method for obtaining a perfect match is to check the feeders for 
standing waves by using a sensitive wavemeter. The indication should remain 
practically the same over the entire length if matching is perfect. in prac- 
tical use, however, this is seldom obtained. 


. In a CW transmitter, the matching conditions are not so important. Good opera- 


tion can be had by simply tuning the antenna for maximum r-f and then re-tuning 
the final for a new minimum dip. In voice transmittersy however, proper match- 
ing is very important for good modulation. 


 F., Final Adjustments 


1. The entire transmitter is now gone over. The grid circuits are adjusted for 
proper loading and the amplifier circuits for minimum dip until maximum output 
at the right frequency is achieved. 

2. Signal reports should now be obtained from monitoring stations. 
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G. Summary Questions 
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. Why shouldn't the stages in a transmitter be tightly coupled? 


What could be used in place of a wave-meter? 


. The plate circuits in amplifiers are tuned to resonance by observing what 


indication? 


. How could you check if the oscillator was drifting in frequency? 


. Name one way that a perfect match between antenna and transmitter would be 


indicated? 
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TRANSMITTER NEUTRALIZING 


Objective 


To explain modern methods of neutralizing the final or intermediate stages ina 
transmitter. 


References 


Lesson Content 
A. Transmitter Neutralizing. 


A final adjustment made in a transmitter to insure proper operation on the correct 
frequency without spurious radiations. 


B. Reasons for neutralizing 


1. To prevent the final or intermediate stage from acting as an oscillator and to 
insure it operating at its greatest efficiency as an amplifier. 


2. To prevent the final stage of the transmitter from acting as a coupling device 
which would couple the signal from a previous stage to the antenna without the 
final amplifier being turned on, thus creating a signal on the air. The re- 
sult then would be a continuous note that gets louder when the final amplifier 
is keyed. This signal should stop completely when the key is open. 


3. Triode tubes used in transmitters are the ones that have to be neutralized. 
This is due to the presence of capacity within the tubes, between the plate 
and grid, which transfers energy (feedback) from the plate to the grid and 
causes the tube to oscillate. This plate to grid capacitance also acts as a 
coupling capacitor which couples the output of a previous stage to the masala 
even though the final stage is not turned on. | 


Screen grid tubes have very small inter-electrode capacity and therefore, when 
used on fairly low r-f frequencies, need not be neutralized. Even screen grid 
tubes have to be neutralized on high r-f frequencies because very small inter- 
electrode capacity will transfer appreciable energy at high frequencies. 


Screen grid tubes are usually used in low power amplifiers. Where high power 


is used, however, screen grid tubes are not efficient and-therefore triodes 
are used and neutralization is required. 
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C. Neutralizing to Prevent a Tube From Oscillating 


A tube used in an amplifier circuit will oscillate when the grid circuit is tuned 
to the same frequency as the plate circuit provided there is some way that "feed- 
back" can exist from plate to grid. When a triode tube is used, this feed-back 
takes place through the inter-electrode capacity from plate to grid. The purpose 
of neutralizing is to reduce this inter-electrode capacity. 


Inter-electrode capacity can be reduced in different ways: 


1. By taking some of the energy from the grid circuit and applying it to the plate 
circuit out of phase with the plate signal. This is called grid neutralization, 
Pie dea 


2. By taking some of the energy from the plate circuit and applying it to the grid 
circuit out of phase with the grid signal. This is called plate neutralization, 
Fig. 2. 


3. When push-pull amplification is used in the final stage, neutralization is 
accomplished by cross feedback, Fig. 3. Since the plates of the tubes are 180 
degrees out of phase, a small voltage is taken from the plate of one tube and 
fed to the grid of the other tube through the neutralizing capacitor. 


Neutralizing steps 


1. The stages preceding the one to be neutralized are turned off by opening the 
plate voltage switches. 


2. The stage to be neutralized is left on and the key depressed, or pulled out of 
the jack, to close the circuit. 


3. A wave-meter, or r-f indicating device, is held near the final tuned inductance 
and the tuning capacitor turned through resonance. If any indication of RF is 
now obtained, it must be coming from the amplifier itself since the previous 
stages are shut off. 


4, The neutralizing capacitor is now adjusted until the indication of r-f dis- 
appears. The setting of the capacitor should be noted. 


eee 


Se aa ee a eT ee ee eee ee ee ee eee FS 
D. Neutralizing to Prevent a Tube From Acting as a Coupling Device Between a Previous 
Stage and the Antenna. 


A triode tube used in an amplifier circuit will act as a coupling device, as men- 


tioned above, due to the presence of inter-electrode capacity between plate and 
grid 


Neutralizing steps 


1. The previous stages in the transmitter are turn A ci 
ed on b 
age switch. n by closing the plate volt- 


2. The stage to be neutralized is turned off by opening the plate voltage switch 
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TA-RS-47 Coyne Electrical School 121 


Lesson No. 19 : : Radio Service 
and leaving the key open. 


3. A wave-meter, or r-f indicating device, is held near the tuned inductance and 
the tuning capacitor turned through resonance. If any indication of RF is 
now obtained, it must be coming from the previous stages because the final 
stage is turned off. 


4. The neutralizing capacitor is now adjusted until the indication of RF dis- 
appears and the setting is noted. 


5. If a wave-meter or r-f indicating device is not available, the grid meter in 
the final amplifier should be watched for a "kick" when the tuning capacitor 
is turned through resonance. The presence of RF is indicated by this kick 
and the neutralizing capacitor should be adjusted until no "kick" appears. 


The setting of the neutralizing capacitor may be different when neutralizing to 
prevent the tube from oscillating than it is when neutralizing to prevent the 


tube from acting as a coupler. In such a case, the setting of the neutralizing 
capacitor should be set half-way between the two settings. 


E. General Information 

1. Doubler amplifiers do not need to be neutralized to prevent oscillation be- 
cause the grid circuit is not tuned to the same frequency as the plate circuit, 
and, for that reason, the tube will not oscillate. In most cases, the inter- 
mediate stages are screen grid tubes, because the power handled is fairly low, . 
and they do not have to be neutralized when used on low r-f frequencies. 

ec. After a transmitter has once been neutralized, it seldom needs to be re-adjust- 
ed unless it has been disturbed. In some cases, however, it must be reneutral- 
ized when the tube is replaced because the characteristics of tubes may vary. 

3. For good operation with triodes, neutralizing is a necesity. If the neutral- 


izing is perfect, there should be absolutely no signal of any kind on the air 
when the final amplifier is not keyed, or if the oscillator is turned off. 


Fr. Summary Questions 
1. Name one reason for neutralizing. 
2. When will an amplifier tube oscillate? 
3. Is it necessary to neutralize a doubler stage? 


4, Is it necessary to neutralize a screen grid tube when used as an amplifier? 
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>. Name two methods of neutralizing. 
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MOBILE TRANSMITTING & RECEIVING EQUIPMENT 


Objective 


To study combined transmitters and receivers as used in mobile equipment in police 
cars, taxi cabs, airplanes, etc. 


References 


eet 


eee 


Lesson Content 


A. General Information 


When transmitters and receivers are installed for communication purposes in cars, 
aircraft, small ships, etc., the two instruments are usually combined in one case, 
although operating separately from different tubes, using the same general 

source of power. Sometimes two power supplies are used, one for the transmitter 
and one for the receiver. In other cases, one low voltage power supply will be 
used for a portion of the transmitter and also for a portion of the receiver, and 
another power supply with higher voltages for another portion of the transmitter 
and another portion of the receiver. 


The transmitters for this kind of application are usually of low power not over 
50 watts. They usually consist of a crystal oscillator stage with a fixed tuned 
output circuit for a certain frequency, and a power amplifier stage which feeds 
directly into the antenna. They are usually for voice or continuous wave work 
and consequently have a modulator of some kind with the necessary stages of 
speech amplifiers depending upon the kind of microphone that is used. Sometimes 
the audio system of the receiver is also used as the modulator system for the 
transmitter. Such an outfit will be described later in this lesson. 


The receiver is a superheterodyne with at least one stage of r-f and two stages 
of i-f amplification. It is provided with a stand-by switch which keeps the 
filament of the receiver on while transmitting so that instantaneous reception 
can be had when the stand-by switch is turned to the receiver position without 
waiting for the filaments to heat up, which would be the case if the stand-by 
switch wasn t provided. It usually is equipped with a beat frequency oscillator. 


A beat frequency oscillator connected to the second detector which changes the 
received continuous wave signal into an audible whistle or note which make poss- 
ible code reception. It is an oscillator which generates an r-f frequency that 
is approximately 1000 KC higher or lower than the received signal frequency. The 
beat frequency oscillator signal is mixed with the received signal resulting in a 
heterodyne action which produces an audible beat note. The exact frequency can 
be varied with 4 pitch control for the desired tone. In some cases, this also 
provides tone selectivity when listening to two stations on approximately the 
same frequency. 


Usually the two instruments are combined in one case which looks almost exactly 
like the average auto receiver. They are usually controlled with a push to talk 
switch mounted conveniently near the operator's position. The push to talk switch 
operates relays which perform the following functions. 
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1. When the push to talk switch is closed, the transmitter is turned on and the 
receiver is turned off and the antenna is connected to the transmitter. 


2. When the push to talk switch is opened, the transmitter is turned off, the 
receiver is turned on and the antenna is connected to the receiver. 


' Mobile units are usually provided with another control which can be operated in 
case of failure of the relays. Servicing these relays, however, is a very in- 
portant job since failure of the relays to operate when needed has caused many 
serious accidents to the planes or cars or ships in which they are used. 


B. Putting a Mobile Unit on the Air. (Must be done by a licensed operator. ) 


In most cases, equipment of this type needs very little tuning up. It is usually 
designed to operate on one frequency and the equipment is designed for this fre- 
quency at the factory. The output of the oscillator is usually tuned to this 
frequency by adjusting the capacitor with an insulated screw-driver for maximum 
output from the oscillator. 


A wave-meter is usually used to check the correctness of the frequency. The ab- 
sorption type is most generally used. It consists of a tuned inductance connected 
to a neon lamp and a meter. A wave meter circuit is shown in Fig. 1. The coil 

of the wave-meter is held near the stage inductance to be checked and adjusted 
for maximum brilliancy of the lamp and greatest value on the meter. The dial on. 
the indicator is not marked in kilocycles, megacycles, or meters, but is simply 
numbered from 0 to 100 and in some cases from O to 180, and these numbers are 
compared with a dial calibration chart to see what frequency or meter they 
indicate. A different chart is used with each coil that is plugged into the wave 
meter. The coil and the chart have identical numbers for identification purposes. 
Refer to sample calibration chart in Fig. 2. If the calibration chart is 
calibrated in frequency, the indicator is referred to as a st: itn d meter. it is 
called a wave-meter if the calibration chart indicates meters. 


If the frequency is known to be correct, and it is necessary only to adjust for 
greatest output, an r-f indicating device can be used which consists merely of a 
few loops of wires, the ends of which are connected to a lamp of low voltage ' 
(2.5 to 6 volts). This is held near the oscillator coil to indicate when the 
correct adjustment is made for the greatest output. A neon lamp can also be used 
effectively. 


In some cases, tuning calibration charts are provided with the transmitter for 
each frequency that the transmitter can be used on. These charts give the proper 
settings of the different frequencies of operation. 


If calibration charts are provided, the operator will simply adjust the transmitt- 
er to these settings as indicated on the tuning calibration chart and turn it 

on. Checks should then be made to see if operation is correct for spurious rad- 
iations from a transmitter other than the frequencies which have been assigned. 
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The responsibility rest squarely on the licensed operator to have the correct fre- 
quency and operation. 


Slight corrections in the calibration chart may be needed to compensate for the 
differences in installations. 


These charts should be preserved and mounted for ready reference. The charts can 
be replaced, however, by tuning up the transmitter in the manner given in the prev- 
ious lesson. 


On portable and mobile equipment, adjustments and making a new set have been made 
at the factory. In case of failure in operation, adjustments may be required. 
This will be covered under transmitter servicing. 


In some types of equipment, the receiving is accomplished on the same frequency 
as the transmitting frequency and in other cases on different frequencies. 


In some installations, the transmitting frequency is fixed but the receiver may be 
tuned to allow exploration for other signals. | 


i ne 
eres 
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C. Motorola Avigator 


This type of equipment is covered in schematic form in the schematic section of 
this manual. A block diagram is given in connection with this lesson. 


The Avigator is designed for installation in private airplanes. It is equipped 

with a speaker to be mounted in the roof of the cabin and two pairs of earphones, 
one for the pilot and one for the other passenger riding with him. The avigator 
can be used as an inter-communicating system between the pilot and his passenger. 


The transmitter can operate on one frequency only, namely, 3105 KC, which is the 
frequency of the control tower at airports. Since transmitter operation can take 
place only on this one frequency, the control tower operator can keep the log, 
therefore the owner needs only a third class license similar to that which police 
officers have in squad cards. The third class license is very easily obtained. The 
unit must be serviced, however, by a licensed operator holding at least a second 
class license. 


The Avigator consists of a crystal oscillator and a final amplifier. The same 
audio system that is used for the receiver is also used as the modulator. 


The main antenna is a so-called "trailing antenna" which has a unique arrangement 
whereby a wind cone pulls out the antenna when the plane is in flight. The 
antenna is reeled in automatically by a spring when the plane lands. It can be 
switched either to the receiver or to the transmitter by a push to talk switch or 
a switch on the front of the panel. 


The Avigator is also equipped with a loop antenna which can be rotated from the 
control panel to obtain navigation bearings. The loop is enclosed in a rain 
static shield. It also has a "marker antenna" connected to the marker receiver 
which is a fixed crystal detector at 75 MC used for picking up marker 
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gignals at the edge of the airport field. The output of this detector is fed into 
the audio system of the regular receiver and appears in the headphones and the 
speaker in the regular manner. 


The receiver is a superheterodyne which will tune in the control tower, broadcast 
signals, and beam signals. It is equipped with push button tuning as well as 


manual for easy tuning. 


The combined receiver and transmitter is mounted in a small cabinet or case 
hardly larger than the average auto set. 


The whole is controlled by a system of relays as shown on the block diagram. A 
push-button controlling the relays is mounted on the steering control or control 
stick. The operator pushes this button to talk and releases it to receive. 


An azimuth scale is located on the control panel which indicates the position| of 
the Loop. 


When the equipment is installed, care should be taken not to shorten or lengthen 

any of the leads between the different parts. The equipment includes all possible 

parts, leads, cables etc. for a complete installation. | 

D. Operation 

1. When the operator pushes the push to talk ‘switch, the antenna is connected to 
the transmitter and the voice is conveyed from the microphone through the audio 
amplifiers of the receiver which now serve as modulators for the transmitter. - 
The final amplifier of the transmitter now becomes modulated by the voice. Its 

output is then radiated from the antenna. ) 

2. When the operator releases the push to talk switch, the antenna is connected to 

the receiver and the desired signal tuned in on the receiver by the manual con- 


trol or by pushing a button. The output is heard in the speaker and earphones. 


Complete instructions usually accompany equipment of this type. These in- 
structions will contain any special information that might be needed. 


E. Summary Questions 
1. What is a dial calibration chart? 
2. What is a tuning calibration chart? 
3. What can be used in place of a wave-meter? 
4, Could a crystal oscillator change frequency? 


5. Who is responsible for correct operation of a transmitter? 


130 Coyne Electrical School TA-RS-:7 


Radio Service Lesson No. 21 


TRANSMITTER TROUBLE SHOOTING 
Objective 
To study procedure of locating and repairing troubles in transmitters. 


References 


Lesson Content 
A. Kinds of Troubles Encountered in Transmitters, | athe) vet LOG 
1. Transmitter dead, no signal on the air. “? oe i cor file 
2. No audio signal, the signal on the air but no modulation. 
. Transmitter has signal on the air but does not key. 


5 
4, Transmitter has key chirps (changing note) while keying. 


We) 


Frequency of transmitter changes gradually during operation. 
6. Frequency of transmitter changes abruptly during operation. 


7. Spurious radiations are present from the transmitter other than the frequency 
assigned to it. ite, gohich aol +d , epee rd 


8. Rf carrier hun. 
9. The quality of the audio modulation is bad. 
10. Audio "splatter" over the entire band of adjacent frequencies. 
1l. Transmitter is not 100% modulated, therefore the result is weak audio signals. 
(12. Transmitter is on the air but the signal is weak. 
13. Fading signals 
14. Intermittent operation of the transmitter. 


There are other troubles which could occur in a transmitter but these are the 
most common ones and knowledge of these will usually be sufficient. 
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B Locating and Repairing Transmitter Troubles. 
1 Transmitter dead 


A wavemeter should be used to determine what stage is at fault. The meter is 
held near the tuned inductance of the stage to be tested and adjusted to see 
if there is any RF. If a wavemeter is not available an r-f indicating device 
can be used consisting of a neon lamp applied directly to the terminal of the 


~ connected to a flashlight bulb. The coil is held near the inductance. Glowing 

' of the flashlight bulb will indicate the presence of r-f. When the stage at 
fault is located, a socket voltage reading is taken on the elements in the 
tube. There should be a positive voltage on the plates and screens, the fila- 
ment voltages should be present, and the grid should be negative in respect to 
the emitter. If the stages are capacity coupled, the coupling capacitor should 
be checked. The tubes should also be tested. If a tester is not available 
that will check the transmitting tube, another tube should be substituted to 
see if the tube is the trouble. When checking the final or keyed amplifier in 
a transmitter for proper operating voltages, it must be remembered that the key 
must be depressed before the stage will operate and indicate the presence of 
RF. In transmitters, the same as receivers, a trouble causing a dead set is 
the easiest to locate and fix. 


4 rf coil or the plates of the tuning capacitor, or it can be a few loops of wire 


2. No audio signal - No modulation 


In this case the trouble is in the modulation equipment and it can be anywhere 
from the microphone to the final amplifier or modulated stage. The best way 
to check this is to connect the output of the modulator to a speaker or head- 
phones, and then to signal trace until the dead stage in the modulator is 
found. It is then repaired in the same manner as the audio stages in a receiv- 
er are serviced. 


3. Transmitter signal on air but does not key 


The trouble here is usually found in the line between the transmitter and key 
itself. The line, plug, and jack should be checked. An external short across 
the key may exist, thus the tube will operate all the time whether or not the 
key is depressed. When grid blocking is used check the grid resistors. 


4, Key chirps 


Key chirps in a transmitter are usually caused by poor regulation in the power 
supply. Power supplies in transmitters are usually choke input for this rea- 
son. If this input choke shorts out, it will become a capacitor input power 
supply, have poor regulation, and cause "key chirps". Key chirps could also be 
caused by an improperly adjusted buffer in a transmitter with a self-excited 
oscillator. The purpose of the buffer is to prevent changes in the load in 

the final stage from affecting the frequency of the oscillator. If the buffer 
is improperly adjusted it will allow changes in the load which will result in 
trouble. Instruction for the proper adjustment of buffer amplifiers are given 
in a previous lesson. 


5. Frequency changes during operation. 


This trouble which has been explained previously is caused, in most cases, by 
a drifting crystal. 
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6. Abrupt frequency changes 


In a self-excited oscillator, this trouble usually occurs because the wires on 
the oscillator grid or plate coil have become loose on the form and shift their 
positions when jarred. When this happens, the frequency of the transmitter 
changes abruptly. The cofl must be replaced or rewound and the turns cement- 
ed down thoroughly. 


{. Spurious radiations 


When checking for the presence of spurious radiations in a transmitter, a TRF 

receiver should be used to avoid becoming confused with image and harmonic 
signals which are not caused by any trouble in the transmitter but are caused 
by the oscillator in a superhetrodyne receiver beating against the frequency 
of the transmitting station causing an apparent spurious radiation. 


If the transmitter is found to be radiating signals in addition to the assign- 
ed frequency, the trouble may be caused by improper shielding or too close 
coupling between the antenna and transmitter, thereby allowing the second har- 
monic of the transmitter to be radiated. The second harmonic will be present 
only in single ended transmitters because the use of push-pull amplification 
eliminates the second harmonic. 


8. R-f carrier hum 


If hum is detected in the output of a transmitter, it can be caused by trouble 
either in the r-f section or the modulator section of the transmitter. The 
modulator system should be shut off when testing for this trouble, and, if the 
hum then disappears, the trouble will be found to be in the modulator. If it 
still continues, the trouble is in the r-f section. Open filter capacitors or 
partially open ones are the main cause of this trouble and a good one should 
be substitued across it for test. Hum can also be caused in the modulator 
section by improper shielding or defective shielding usually found in the micro- 
phone input circuit or the speech amplifier. This may be caused by feed-back 
from the r-f carrier. The shields on the grid caps of the speech amplifiers 
may, in some cases, fall off or not making good contact with the chassis, 
thereby causing hum. The shielding on the microphone lead can also be broken 
and cause this trouble. 


9. Low quality audio modulation 


This is usually caused by distortion in the modulator system and can be found 
by signal tracing in the usual manner. 


10. Audio splatter 


In nine cases out of ten, this trouble is caused by over-modulation and can, 
in most cases, be remedied by the simple expedient of turning the gain control 
down on the input circuit of the speech amplifier. "Too much audio”. 


11. Low modulation percentage 


If no more audio can be had from the modulator to raise the percentage of mod- 
ulation, this situation should be corrected by loosening the coupling between 
the antenna and transmitter to cut down the amount of RF. A 50 watt carrier, 
100% modulated, is better and more intelligible over longer distance than a 


134 Coyne Electrical School TA-RS-47 


Radio Service Lesson No. 21 


2. 


ie 


14, 


200 watt carrier 80% modulated. Therefore, it is better to sacrifice r-f pow- 
er in order to achieve 100% modulation. 


An oscilloscope can be used to determine the percentage of amplitude modulation. 
The amplifiers and the sweep oscillator within the scope are not used. Con- 
nections are made to the vertical and horizontal input terminals located on the 
back of the scope. The a-f modulation signal is applied to the horizontal 
deflecting plates while the r-f carrier is applied to the vertical deflecting 
plates. A 100% modulated carrier will produce a trapezoid pattern with equal 
length sides. 

Detailed instructions in the use of the oscilloscope and methods for determin- 
ing percentage of deviation or modulation in F-M transmitters will be covered 
in the Sound & Television department. 


Weak signals 


Voltages and tubes should be checked for this trouble. It is possible that 
something has happened to the antenna installation to impair its efficiency, 
hence a weak signal. More than one report should be obtained, however, because 
it may be that the signal is weak in one certain location but normal in other 
locations. 


Fading signals 


This is usually caused by natural pheonomena and may not be caused by trouble 
in the transmitter itself. If testing has proved that trouble exists in the 
transmitter, it would be caused by a drifting oscillator which causes the sig- 
nal to drift off the point where the receiver is set, thereby giving the 
effect of a fading signal. 


Intermittent operation of the transmitter 


In portable-mobile equipment this is usually caused by sticking remote control 
relays. New points should be installed if inspection shows them to be badly 
pitted, otherwise, they should be filed smooth using a special file. 


C. Summary Questions 


ds 


a. 


What could cause "key chirps" when keying a transmitter? 


What trouble in a transmitter could produce the effect of a fading signal? 


. How can you tell whether hum is in the modulator or in the r-f section? 


. What is the usual cause of a transmitter gradually changing frequency? 


. What could be used for an r-f indicating device? 
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PREVENTIVE SERVICING 


Objective 


To learn how aircraft, police radio equipment, etc., is serviced. 


References 


Lesson Content 
A. General Information 


This type of equipment very seldom reaches the inoperative stage because it is 
maintained by preventive servicing. 


A properly planned and executed preventive maintenance program anticipates radio 
failures and discloses reasons for each failure by showing weakening of vacuum 
tubes, deterioration of wiring, defective capacitors and other components. 


This portable equipment is removed at periodic intervals for servicing. Certain 
routine tests are made and recorded on forms for the purpose. Each report is 
Signed by the serviceman who made the tests. In small shops, one or two men may 
do all the servicing, in others, the equipment is sent through a service line, 
each man making certain tests and inspections until, when the equipment has pass- 
ed through the entire line, it is in first class operating condition and rarely 
fails during flight or duty. 


In case of failure, reason for failure is ascertained, if possible, and responsi- 
bility for the same checked with the records kept on previous !servicing. 


Of a necessity, this type of servicing calls for at least two complete sets of 
equipment, one being in the shop for servicing while the other is in operation. 
Dates for the periodic inspections are posted for ready references by the oper- 
ator. 


Men employed for this type of servicing must be men of high trustworthiness, 
because, in many cases, the lives of many people, to say nothing of the cost of 
expensive equipment, lies in the hand of the preventive serviceman. 


B. Preventive Testing of Parts 
1. Tubes 


While tubes generally have a life of 1000 hours nominally set up by the man- 
ufacturer, tubes in this type of equipment are replaced much earlier. In some 
cases, tubes are replaced after only 100 hours of use. 
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Tubes that show signs of poor emission, loose elements, loose bases, etc. are 
discarded. 


. Capacitors 


If capacitors are suspected, they are usually replaced with ones that have been 


tested, and, in the case of the more expensive types, are tested carefully for 
partial shorts and opens by special testing equipment. Points of connection 
are also carefully inspected and corrected if faulty. 


. Coils 


Transformers, coils, chokes, etc. are checked for shorts and opens and partial 
shorts, and, in some cases, if suspected, are replaced without testing. 


. Resistors 


Resistors are tested to see that their resistance has not changed and to see 

that they can carry the right amount of current without heating and also to see 
that they have not been charred or burned by overloading. In most cases, they 
are replaced without testing if suspected at all. | 


. Wiring 


Connections, mountings, fastenings etc. are given a very careful visual inspec- 
tion, looking for crystalized joints, poor or loose connections, loose mount- 
ings, etc. Joints suspected of being cold soldered are re-soldered. 


. installation 


When the set is placed back in operation, the entire installation is checked at 
certain points and recorded under the serviceman's signature. 


Basic Aircraft Radio Tests 


Li 


Pressure Test 


All units are tested in a pressure chamber under different conditions of pres- 
sure to simulate different altitudes. 


. opray Test 


Units are tested by directing an actual spray of water on the sets. 


. Humidity Tests 


Units are subjected to high humidity under high temperatures and timed for re- 
covery of output or sensitivity. Inspection should show little or no corrosion. 


. Drop Test 


Units are tested for shock by dropping them from different heights. 
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5. Vibration Test 


Aircraft units should be free from vibration effects such as spurious modula- 


tion which causes a wavering signal. The unit is subjected to vibrations of 


different frequencies to simulate conditions in the plane. The results are 
noted. 


. Temperature Test 


This test requires that the unit be placed in a temperature of plus 131 degrees 
Fahrenheit until all component parts have assumed that temperature. The unit 
is then operated with periodic high and low voltages for about one hour and 
conditions noted. 


. Orientation Tests 


This test is a physcial one and the set is operated in a variety of positions. 
This tests the ability of the unit to operate well in any position that the 
plane might assume. 


D. Summary Questions 


Lt 
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What is the most important trait that a preventive trouble man should have? 


When trouble shooting on portable equipment, should you take a chance with a 
defective part? 


. If a part is suspected but tests good,what should you do about it? 
. What is meant by basic aircraft tests? 


. Ls it possible to prevent most radio troubles from occuring? 
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CONDUCTING A SERVICING BUSINESS 


Objective 


To gain information concerning the operation of a radio repair business. 


References 


eee 


oe eae nee oe ee ee ee ee oe 
Lesson Content 


A. General Information 


The best way to become really proficient in repairing radios after you have re- 
ceived proper training, is to put your training to use in the field. Your in- 
struction has been thorough and practical, but the more practice you can get in 
the application of these instruction, the more proficient you will become. 


The first two or three radios you repair may be a little confusing, but you will 
gain confidence and become more efficient as you continue with your repair work. 
Many an owner of large electrical shops and stores have started out on a small 
scale and developed with the business. 


While your capital is perhaps limited and you cannot hope to compete with larger 
stores on a straight selling basis, still you will find that you will be able to 
make many sales to customers who will buy from you because of your servicing 
ability. . 


B. Business Hints 


Start in a small way. Many a man has failed because he purchased more goods than 
would move while he was getting established, thus tieing up capital that would 
tide him over until he did get going. Buy only what you need and depend upon 
some nearby supply house for quick replacements. 


Avoid high rental to start with. While rentals are usually in line with the 
amount of business that can be done at a certain location and are classed as 
"profitable expense", still, while a man is getting started, high rental can 
very easily ruin hin. 


There are three parts to every successful business tranaction, and, unless all 
three are completed satisfactorily, the transaction will be a failure. They are:. 


1. Get the business. 
2. Deliver the goods. 


3. Collect the money. 
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If any of these can be said to be more important than the other, we might put the 

emphasis on the last one. Here is where a lot of fellows meet their downfall. 

They are not very good collectors. Insist upon cash deals if at all possible. A 

man who owes you money will avoid you and surely will not patronize you as long 

as he has this obligation, so the best way is not to get into this situation. In 

most cases a simple statement of the price will prompt a payment. Otherwise signs 
can be posted which state that business is done on a cash basis. 


C. Equipment - minimum necessary to start with. 


A good testing meter. The testing meter should have a sensitivity of at least 
1000 ohms per volt. The meter should have d-c ranges of at least up to 500 volts. 
It should have asc ranges up to 500 volts, and should be able to measure resist-— 
ance up to at least three megohms. If your capital will allow it, a vacuum tube 
voltmeter is a good investment. 


A counter type tube tester = The emission type of tube tester is most generally 
used and it should be nicely constructed and easy to operate. The tester should 
have a large meter face indicating good, bad, and questionable. A good tube test- 
er is your best tube salesman. | 


A good signal generator - Be sure the instrument covers the frequencies you will 
need without making use of harmonics. It should also have good stability. 


If in doubt about any piece of equipment, get advice from one who has used the 
ape en) or make use of your Coyne consultation service. 


Vi Ag ad epee yr, Awl pen ait Chan F-o~—. re 
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D Radio Parts 


A representative stock of tubes should be maintained. The number needed of each 
tube being determined by the type. Many companies have ‘consignment plans and 
maintain a stock of tubes on your shelves on consignment, payment being made once 
a month for tubes sold. If you have to buy your stock it will of course be limit- 
ed by your capital. 


An assortment kit of capacitors can be purchased from most wholesale houses. This 
kit will take care of most of your needs. Replacements in the kit can then be 
made according to the requirements. 


A complete kit of resistors housed in a cabinet with drawers and compartments for 
the different sizes is a good investment for a beginner and can be had from most 
wholesalers. | 


Coils, transformers, etc. should be ordered for the particular set in trouble. In 
cases where exact duplication can not be had, universal parts can be substituted 
by following directions coming with the part. 
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A stock of miscellaneous hardware should alsg be kept on hand in glass jars and | 
other containers. 


E. Tools Needed 


Pliers (side cutters, long nose, linemans, gas), hack saw and blades, 80 watt 
soldering iron, hand drill and set of drills, set of files, prick punch or good 
ice pick, set of screw drivers with insulated handles, set of spintite socket 
wrenches, set of Allen and key type wrenches, aligning tools, light hammer, 
Phillips screw drivers, a portable tool case, cleaning brushes, an adjustable 10 
inch crescent wrench, a-steel rule, and hand bellows (optional). 


F. The Service Bench 


The service bench should not be made too high. It should of course be higher if 
you intend to stand while working, which is the usual case; however, it should be 
low enough to allow comfortable working from a stool now and then. 


If the bench is to be used for a "one man" shop, the length should be about eight 
to ten feet long, the exact length to be determined by the location. It should 
not be so long that it becomes a catch all for everything. It should be long 
enough to accomodate the testing equipment and one set under test. Sets that are 
not actually being worked on should be stored on a nearby shelf to avoid any dam- 
age to them while working. If the shop is for more than one man, the bench 
should be long enough to accomodate the correct number of working stations. 


1. First position is where the operator takes the set out of the cabinet, cleans 
the dust out of both the chassis and the cabinet, and tests the tubes. 


2. Second position is the analyzing position where the operator determines what 
is wrong with the radio and indicates the necessary repair. 


3. Third position is where the operator does the actual repairing by removing the 
bad part and installing the good part. 


After the new part is installed, the set goes back to the first position where 
the set is reinstalled in the cabinet, tested, and made ready for delivery to the 
customer. 


In some shops, half of the testing bench is covered with a metal plate which is 
connected to one side of the testing meter allowing testing to be done with one 
prod only, connection being made to the chassis when it is placed on this metal 
plate. When reading is to be made to the cathode, this plate is not used. 


A shelf is usually built between the one mentioned above and the test bench to 
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accomodate a set of schematic service manuals and other reference material. 


Another shelf is usually built between the one mentioned above and the test bench 
itself to accomodate the testing equipment. This leaves the testing bench clear. 


Drawers for tools and a small cabinet for parts should also be provided. 


A-c outlets should be provided underneath the bench in front where they are easily 
reached. It is a good practice to provide a separate fuse for the test bench. 


The service bench should be kept cleared for action and not allowed to become cov- 
ered with junk or become a catch-all for everything. 


G. Reference Material 


To repair some radios, it is almost a necessity to have a schematic to refer to. 
Some of the older sets made prior to 1935 are quite simple and straight forward 

and can be repaired, in most cases, without the use of a schematic to refer to. 

Your fundamental training here will enable you to do this. The later sets, how- 
ever, are quite complex and service can be speeded up considerably by the use of 
a schematic. 


The RCA Company, Philco, Zenith, Motorola, and other companies also have compiled 
service information on sets they have manufactured and these can be obtained dir- 
ect from them or from the distributor. 


Service manuals published by John F. Rider, Supreme Instrument Co., and others are 
available through the students store or they may be ordered direct from the pub- 
lishers. Prints for individual radios may be ordered from Radcroft Publication 
Inc., 25 West Broadway, New York 7, N. Y., (cost 15¢ each). 


NOTE: When writing for individual prints or to the manufacturer for service data, 
be sure to supply the manufacturers name and the model number of the set. 


Your reference book shelf should be kept up to date with books which cover the 
latest developments as they come out and you should spend some time keeping your- 
self posted by reading the current magazines. If you don't, you can soon become 
dated. 
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TROUBLE-SHOOTING 
RESISTANCE AND VOLTAGE METHOD 


Objective 


To gain experience in repairing sets by use of voltage and resistance tests only. 


Average Time Required: as Hours 


References 


Equipment, Tools & Material 


1. Shop Volt-ohmmeter 3. Receiver (Made in C & R) 
2. Schematic of Radio 4. Job Report Sheet 


NOTE: This job should be done on a dead receiver. If the set is operating, take 
the set to the trouble shop, or to an instructor, to have trouble placed in 
Ltn 


és 


Procedure Steps 
1. Test the tubes. 


2. Make the necessary test to see if it is safe to plug in the set. 
(Resistance test from B plus to B minus) 


3. Take complete resistance tests and compare them with the correct readings which 
you made in C & R, or compare them with the tube manual listings. 


Circle the wrong readings in red. 

4. Take the voltage readings in the same manner. 
Circle the wrong readings in red. 

5. Make necessary adjustments to correct the trouble. Fill out the report sheet as 
you go along, show the instructor the troubles and what reading indicated it. 


List each trouble on the job report sheet, and also the test or reading that 
indicated it. The set should now be operating. 


6. Copy the questions for the job, as issued by the instructor, on the back of the 
job report sheet. Answer the questions while you are in thg shop. Have the ques- 
tions corrected and ‘get credit for the job if it is satisfactory. Turn the set 
in at the trouble shop. 


7. Get your job report sheet back from the file in front of the department, show it 
to a shop instructor, and get further credit for the job. Also note any correc- 


tions or notations. 


8. Proceed to the next job. 


149 Coyne Electrical School TA-RS-47 


Radio Service Job No. 2 


VOLTAGE & RESISTANCE TESTS 


Objective 


To gain experience in taking and recording voltage and resistance readings and re- 
cognizing the faulty ones. 


Average Time Required: 1 1/2 hours 


References 


Equipment, Tools & Materials 


ie 
ae 


Shop volt-ohmmeter 3. Receiver (Made in C & R) 
Universal voltage & Resistance 4, Job Report sheet 
sheets 


NOTE: This job should be done on a receiver that is in operating condition. 


ds 


Procedure Steps 


Take a resistance test first and record the readings on the Universal voltage and 
resistance sheet. Be sure to use the proper range for the reading being taken. 
It is good practice to try several ranges to be sure that the reading is not too 
high or too low for the particular circuit being measured and therefore give a 
false reading. 


Record, on the Job Report Sheet,results of step one. 


. Take voltage readings and record them on the chart. If in doubt what the reading 


will be, start with the highest scale on the meter, then use the next highest, 
and so on until a proper reading is obtained. Observe the precautions given in 
Basic Radio on the use of meters. 


Record, on the Job Report Sheet, step two. 


. Have the readings checked by an instructor. 


. Copy questions for the job, as issued by the instructor, on the back of the report 


sheet. Answer the questions while you are in the shop and have them corrected. 
Then turn them in at the repair shop. An instructor will give you credit on your 
job card if the job is satisfactory. 


. Get your Job Sheet back from the file in front of the department, show it to an 


instructor and get additional and final credit for the job. Also note any cor- 
rections or notations listed on the job sheet when you get the sheet back. 


. Proceed to the next job. 
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“TROUBLE SHOOTING IN SHOP RECEIVER USING THE SIGNAL 
GENERATOR FOR SIGNAL TRACING 


Objective 


To gain practice in the use of the signal generator, determining between which two 
tubes the trouble exists in a receiver. 


Average Time Required: 4 hours 


References 


Equipment, Tools & Materials | 


1. Signal generator with test leads attached. 
2. Receiver built in C & R. 
3. Shop volt-ohmmeter 


Procedure Steps 
1. Test the tubes. 


2 Make the test necessary to see if it is safe to plug the set into the A-C line. 
(Resistance test from B plus to B minus.) 


3. Plug the signal generator into the a-c line receptacle and turn the generator on. 
4. Set the signal generator output to A.F. 


CAUTION: The attenuator control on the signal generator must be kept to as low a 
| level as possible and still be able to hear the signal, otherwise the 
Signal might be forced through a dead stage. It will, of course, have 
to be quite high at the Speaker but reduced as you progress towards the 
antenna. 


5. Connect grounded lead to chassis and the other one to the grid of the output tube 
next to the speaker. 


NOTE: 


a. If in doubt as to which lead is the grounded lead, take a resistance test 
from the leads to the chassis, or to the case of the signal generator. The 
one that gives a zero reading is the grounded lead. 


b. If the set has a floating ground, the grounded lead should be connected to 
the cathode of the tube of the stage under test, or to the a-c switch on 
the back of the volume control. If connection is made to the cathode, it 
will have to be moved from tube to tube as the test progresses. Also, if 
the cathode method is used, you do not need to worry whether or not the set 
has a floating ground. 
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c. If an audio signal is heard in the speaker of the receiver, it indicates 
three things- 


1. That the speaker is good. 
2. That all the circuits from the control grid to the speaker are working. 
3. That the signal generator is operating. 


. Move the ungrounded lead to the input terminal of the preceding tube aaa, apply 


the correct signal as shown by the chart. 


. Continue working back towards the antenna, checking one stage at a time. 


NOTE: The trouble will be found to be between the point where the signal is 
heard and the next point where it can not be heard. If an i-f signal is 
heard all the way through the set, but no other signal can be heard, the 
oscillator stage is at fault. 


. Explain in writing on the Job Report Sheet each point of application and results 


obtained. 


. After you have localized the trouble to a point between two tubes, you should 


make resistance and voltage tests to determine what part between the two tubes 
is causing the trouble. Explain on the Job Report Sheet what part was at fault 
and the test that revealed it. 


Repair the trouble and have the entire procedure checked by an instructor. 

On the back of the Job Report Sheet copy the questions issued by the instructor 
for this job. Answer questions while you are in the shop. Have the questions 
corrected and turn them in at the repair shop. The instructor will give you 
credit on your job card if the job is satisfactory. 

Get your Job Report Sheet back from the file in front of the department, show it 
to a shop instructor, and, while you are in the shop, receive additional credit 


for the job. Note any corrections or notations. 


Proceed to the next job. > 
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SIGNAL TRACING USING SIGNAL GENERATOR AND PHONO PICK-UP 


Objective 


To gain experience in testing a receiver under actual operating conditions by feeding 
the signal from a phono pick-up through the different stages and noting the results 
through each stage. 


Average Time Required: 4 hours 


References: Lesson No. 3-A 


Equipment, Tools & Material 


1. Receiver made in the Construction & Repair Department or a commercial home receiv- 
er at 

Signal generator 

Phono pick-up and turntable (requisitioned from 3rd floor stockroom) 

Record (requisitioned from 3rd floor stockroom) , 


FW MP 


NOTE: If this job is done after you have turned in your set made inC. & R., the 
job should be done on a home type receiver. 


Procedure Steps 
1. Test the Tubes, 


2. See if it is safe to plug the receiver in. 


3. Set the signal generator to external modulation and to some frequency near the low 
end of the broadcast band. Indicate on the report sheet the exact frequency used 
for this job. 


4. Connect the ungrounded lead from the pickup intd the external modulation jack on 
the signal generator. Connect the grounded lead of the pick-up to the grounded 
lead on the signal generator. 


5. Plug the signal generator, pick-up, and receiver into the a-c line and turn them 
on. Allow a little time for the equipment to warm up. 


6. Apply the ungrounded lead from the signal generator to the antenna of the receiv- 
er and tune in a signal on the receiver. Keep the output of the signal generator 
low and adjust the percentage of modulation on the signal generator to the desired 
value. The ground of the receiver must be connected to the ground of the pick-up 
and the signal generator. Note, on your job report sheet, the results obtained. 


7{. Change the signal generator to the frequency of the IF. 


8. Apply the ungrounded lead of the signal generator first to the grid of the mixer 
tube and then to the grid of the first i-f tube and note results on the job sheet. 


9. Apply the ungrounded lead of the signal generator to the grid of the demodulator 
tube and note the results. 
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Disconnect the signal generator from the testing set-up. It will not be used any 
more on this job. 


Apply the output of the pick-up only to the grid of the first a-f tube and then to 
the grid of the last a-f tube and note the results. | 


On the back of the Job Report Sheet, copy the questions assigned for the job. 
Answer the questions, have them corrected, and then turn them in at the trouble 
shop. 


Get your job report sheet back from the file, show it to a shop instructor and 
get the second punch on your card. 


Proceed to the next job. 
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TROUBLE-SHOOTING IN SHOP RECEIVER USING SIGNAL TRACER 


Objective 


To 


gain experience in using signal tracers. 


Average Time Required: 4 hours 


References: Lesson No. 2 - Radio Service 


Equipment, Tools & Materials 


i 
A 
3. 


Receiver (Made in C & R) 
Precision or Philco signal tracer (Requisition from stock-room) 
Shop volt-ohmmeter 


NOTE: This test should be made on a receiver that contains trouble. 


Procedure Steps 


i” 
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Test the Tubes 


Make the test necessary to see if it is safe to plug the receiver into the a-c 
line. (Resistance test from B plus to B minus) 


. Apply the signal tracer probe to the control grid of the first r-f tube, or to the 


mixer tube. 


NOTE: The ground connection of the signal tracer should be connected to the chassis 
of the set, or, in the case of a floating ground, to the switch in back of 
the volume control, or it can be connected to the cathode of the tube under 
test. 


. Starting from the antenna and working towards the speaker, we go from grid to grid 


of the tubes in each stage, substituting the signal tracer for the stage under 
test and seeing if the signal can be heard in the speaker of the signal tracer. 


NOTE. a. If the signal is heard on one grid but not on the next, the trouble will 
be found between the point where you heard a signal and where you did 
not hear the signal. 


b. If the signal is clear on one grid but distorted on the next, the dis- 
tortion is being introduced between the point where it was clear and 
where it was distorted. 


. Show each point of test on the job report sheet. Also show what results were 


obtained. 


. Use the volt-ohmmeter to determine what part is at fault. After the trouble has 


been localized between two tubes in this manner, note on the job report sheet and 
indicate what test revealed the trouble. 
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Repair the trouble if the job calls for it, and have the entire procedure checked 
by an instructor. 


. Re-align the set if the job calls for it. 


. On the back of the job report sheet copy the questions issued by the instructor 


for this job. Answer the questions while you are in the shop and have them 
corrected. Then turn them in at the trouble shop. The instructor will now give 
you credit on the job card if the job is satisfactory. 


Get your job report sheet back from the file in front of the department, show it 
to a shop instructor, and get further credit for the job. Note any corrections. 


Proceed to the next job. 
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DISMANTLING A RADIO SET 


Objective 


« 


To obtain experience in dismantling the set constructed in the C & R department. 


Average Time Required: Oo hours 


References: Soldering lesson in Basic Radio 
a ei cynic saltgagcneaDa cue seesicm sacs sce ct a 
rai ay acm Bs pecan nas Been edict Sead in, ah en 
Equipment, Tools & Materials 


' 1. Receiver made in C & R department 
e. Box of parts and mounting board for resistors and capacitors 
3. Soldering iron and tools 


Procedure Steps 


1. Clean and tin the soldering iron and have it inspected by an instructor. 


2. Carefully un-solder the parts which were soldered in by you while in the C & R 
Department. Remove parts and place them on the board. Leave the other parts, 
which were originally on the chassis, in place. 


3. Carefully clean all the remaining solder from the tube socket connections. Remove 
all pieces of wire. Both holes should be open and free from solder. 


4, Call an instructor to check the parts and get his OK. Get the first punch on 
your card. 


»). Return the complete set of parts to the stock-room. Stockman will return your 
- requisition slip. You should now have only the soldering iron, the set of tools 
and the meter. 


6. Show the requisition slip to an instructor and fill out the job report sheet. 
Copy, on the back of the job report sheet, the questions on soldering given you 
by an instructor. Answer the questions and have them corrected. Then turn the 
questions in at the trouble shop. 


7. Get your job report sheet back from the file and receive the second punch on 
your. card. 


8. Proceed to the next job. 
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RIDER'S CHANALYST JOB 


Objective 


To obtain actual practice on a receiver using the Rider's Chanalyst. 


Average Time Required: 6 hours 


References: 


LL eer Se 


Equipment, Tools, & Materials 


1. Rider's Chanalyst with cables. 
2. Home Type Receiver in operating condition. 
3. Signal Generator. 


NOTE: This job may be done at any time after lessons 6 and 7 have been covered in 
the lecture. Numerical sequence does not need to be observed. 


Procedure Steps 
1. Plug the chanalyst into an a-c outlet and turn the switch on. 


2. Plug the receiver into the watts receptacle on the panel of the Chanalyst and 
connect the ground connections of the Chanlyst to the receiver chassis or, in 
the case of a set that has a floating euouney to the switch on the back of the 
volume control. 


3. Measure the watts consumption with the Watts channel and record the reading on 
the job report sheet. 


fy 
23 | 
4, Feed a 400 cycle modulated r-f of £006 KC into the receiver antenna terminal 
and tune the receiver to resonance. Check the gain or loss at the following 
points. 


CHANALYST CONTROL - SETTINGS USING RF-IF CHANNEL 
GAIN 
POINT MULTIPLIER & LEVEL ™ REFERENCE OR LOSS FREQENCY 


Antenna Terminal } 2SOkK al 


Mixer Grid : a 15.0 O* C 


I-F Grid /O ~s oH 4 "Se, es 
DEMODULATOR DIODE PLATE /@0 ae a a. Deas ae 
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CHANALYST CONTROL - SETTINGS USING AF CHANNEL 
mM ff ae as Ae. f 


0 


SY ie 4 
Diode Load Resistor 2 


‘First A-F Grid 


Second A-F Grid 


Record these results on the job report sheet. 


5. Check the receiver oscillator with the oscillator channel. 


a, Receiver oscillator frequency . ..:« « « « « » ‘» « « equala / 5 CO 


b. R-F (should be as given in Step #4) ........ . equals Ix 9 


(BO 


c. I-F (difference between oscillator & R-F) ..... . equals 
Record these results on the job report sheet. 


6. Compare the strength of the receiver oscillator at the following settings: 


a. Receiver dial set at 600 KC. Jee 
b. Receiver dial set at 1000 KC. /j/, ° 
c. Receiver dial set at 1500 KC. J2¥ | a 


Record these results on the job report sheet. 


7. Check AVC filter with a-f channel. Check for presence of AF at the input o 
filter and the output of the filter. Record the results on job report sheet. 


8. Use the VIVM and check voltages on the following points. 


B.'MISer Plate . 4 <4 se oe ee we Se ww SOURIS SO ys 

Ba PSOP Cola «ok ss Sw 8 & OR ee! BOUBLS ~ 

GO. tet Slate & 6 wl ee 2 we eS alk » * BAe SO 

Bae a td me. VO ee oe ae oe See 3 

e. I-f screen grid.......... . equals Yo a 
f. Output of rectifier ......... equals is ae: 

Be. AYO Tilter output, <« «a « «so» «< » « B@UaLa 4A 

h. Oseiligtor grid =- =. . 6 «ss « » « BQualed a z 


Record the above results on the job report sheet. 


9. Have the entire job checked by an instructor. The instructor will punch your job 
card. 
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10. Copy on the back of the job report sheet the chanalyst questions that were issued 
you by the instructor. Answer the questions and have them corrected. Then turn 
the questions in at the trouble shop. 


ll. Get the job report sheet back from the file, show it to an instructor. The in- 
structor will punch your card again at this time. 


le. Proceed to the next job. 
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TROUBLE SHOOTING A HOME RECEIVER USING THE RIDER'S CHANALYST 


Ob jective 


To use the chanalyst to locate actual trouble in a receiver. 


Average Time Required: 


References: 


gf 


Equipment, Tools & Materials 


1. Rider's Chanalyst and cables 
2. Home receiver with trouble in it. 
3. Volt-ohm-meter 


Procedure Steps 
1. Use the Chanalyst, as outlined in the previous lesson, to find the trouble. 


2. Call an instructor and show him what the trouble is and how the Chanalyst was 


used to find it. Get instructions from him as to whether or not the trouble is” 
to remain in the set. 


. List, on the job report sheet, what you did with the Chanalyst. 
. List the exact trouble and the test which revealed the trouble. 


. Copy the questions for the job as issued to you by an instructor, answer then, 


have them corrected, and turn the job sheet in at the trouble shop with the radio 
you worked on. 


. Get your job report sheet back from the file, show it to an instructor, and get 


a second punch on your card. 


. Proceed to the next job. 


NOTE: As you repair sets and locate the troubles by the different methods pres- 
cribed for the different jobs, do not rush through them. Be sure you under- 
stand thoroughly the procedure involved for the particular job. If you do 
not understand the job get an instructor to go over it with you. The pur- 
pose is to learn to locate the trouble by more than one method, so you can 
do the job with the equipment that is available. 
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RESISTANCE & VOLTAGE TESTS IN HOME RECEIVERS 


Objective 


To become familiar with the different voltages on the elements of the tubes found 
in an average home receiver, and to gain practice in taking voltages readings. 


Average Time Required: 


References: 


Equipment, Tools & Materials 


1. Home type receiver 
2. Volt-ohm-meter or a VIVM (use the VIVM checked out from stockroom for this job). 
3. Universal voltage and resistance sheet. 


Procedure Steps 
1. Take the reading that will show you that it is safe to plug the set in. 


2. Take voltage and resistance readings and record them on the universal voltage 
and resistance sheet. 


3. Do not turn in this sheet but make out a job report sheet in the regular manner. 
List what you did and have the job report sheet checked by an instructor. The 
universal voltage and resistance sheet which you have now completed should be kept 
for your own reference. 


4. Copy the questions issued to you for the job by the instructor, answer them, have 
them corrected, and turn the sheet in at the trouble shop. . 


>. Get your sheet back from the file, show it to a shop instructor, and get a second 
punch on your job card. 


6. Proceed to the next job. 


NOTE: The reference point to which all readings on elements in a tube are taken 
is the cathode. This is the point adopted by the RMA. For convenience, 
however, when taking voltage readings in a dead set, they may be taken to 
the chassis. When you are taking readings in a set that operates but does 
not operate satisfactorily, the readings you get will have to be compared 
with the ones given in the tube manual. The manual readings are all given 
with respect to cathode. 
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HOME RECEIVER TROUBLE SHOOTING USING VOLTAGE & RESISTANCE TESTS 


Objective 


To learn that most troubles in a dead set can be located by.resistance and voltage 


. tests. 


Average Time Required: 


References: 


ee ce en ee ae ee ee Eee et a ee a Se TT 
Equipment, Tools & Materials 


1. Commercial home receiver. 
2. Volt-ohmmeter or VIVM (If all the plate and screen voltages are good and you 


wish to check the grid voltages, obtain a VIVM from the stockroom). 
3. Universal resistance and voltage sheet completed in previous job. 
Procedure Steps 
1. Test the tubes. 
2. Take the reading which shows if it is safe to plug the set in. 


3. Take voltage and resistance tests on the entire receiver and compare the readings 
obtained with readings as listed on the Universal resistance and voltage sheet 
which you completed on the previous job. 


4, Show the instructor what the trouble is and list it on the job report sheet with 
the test that revealed it. Circle the wrong readings in red on the Universal 
resistance and voltage sheet. 


5. Copy the cuestions for the job as issued to you by the instructor, answer them, 
have’ them corrected, and turn the sheet in at the trouble shop. 


6. Get your sheet back from the file, show it to a shop instructor, and get a second 
punch on your card. 


{. Proceed to the next job. 


NOTE: Below is a list of troubles in a dead set that could not be detected by a 
wrong voltage reading on some element in the tube. 


a. Open coupling capacitor. 


b. Open voice coil or secondary of the output transformer. 
c. Set very badly out of alignment. 
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TROUBLE SHOOTING IN A COMMERCIAL HOME RECEIVER BY ANY METHOD GIVEN 


Objective 


To select the iethed desired for locating a specific SRE that is, by any method 
that has been given in class. 


Average Time Required: 


References: 


Equipment, Tools, & Materials 


1 Home type receiver. | 
2. Equipment necessary to find the trouble depends upon the method to be used. 


NOTE: The method you select will be governed by the type of trouble that is to be 
located. 


1. If the set is dead a voltage test to the chassis will usually reveal 
the trouble. 

2. If the set operates but does not operate sabieranteetis: the readings 
should be taken to cathode and compared with readings as given in 
tube manual or schematic. The signal tracer may also be useful. 

3. If the set is intermittent, the Chanalyst is recommended for use in 
locating the trouble. | 


Procedure Steps 


1. On the top of the job sheet, list the name of the job depending upon how you are 
going to go about finding the trouble. List the equipment you are going to use. 
Stick to this method unless you find that the trouble is of such a nature that 
it cannot be located by the method you intended to use. In this case, call the 
instructor over and have him authorize the change of method. 


2. Test the tubes. \ 
3. See if it is safe to plug in the set. 


4, On the job report sheet, list the steps used, the trouble found, and the test you 
used to find it. Have the job checked by an instructor. 


~ 5. Copy the questions obtained from an instructor, answer them, have them corrected, 
and turn them in at the trouble shop with the receiver you worked on. 


6. Get your job sheet back from the file, show it to a shop instructor, and get a 
second punch on your card. 


7. Proceed to the next job. 
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PRACTICE ALIGNING JOB ON A HOME TYPE RECEIVER 
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Ob jective 


To obtain aligning practice. 


Average Time Required: 


References: 


Equipment, Tools & Materials 


1. Home type receiver in operating condition. 
2. Signal generator. 

3. Volt-ohmmeter. 

4, Ear-phones. 


NOTE: When aligning, remember to keep the output from the signal as low as possible 
and the volume control full on. You cannot do a good job of aligning by using 
a strong signal from the signal generator. 


Procedure Steps 


1. Make the necessary test to see if it is safe to plug in the set. 


2. Take R & E tests and record them on Universal R & E sheet if this has not been 
done before. 


3. Align the set according to information given in the aligning sheet on the schema- 
tic for the set. If the schematic is not available, align the set according to 
the instructions for the radio which you made in the Construction and Repair De- 
partment. These are standard instructions and will apply for most radios. 


4. List the different steps you have made in aligning this set. Name the points 


where the signal was applied and the kind of a signal used. This should be done 
on the regular job report sheet. 


5. Have the job checked by a shop instructor and get a punch on your card. 

6. Copy the questions for this job, assigned to you by the instructor, answer then, 
have them corrected, and turn the job report sheet in at the trouble shop with 
the radio that you “itouad. 


7. Get your job report sheet back from the file, show it to a shop instructor, and 
have your card punched again. Note any corrections or suggestions. 


8. Proceed to the next job. 
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TRACING CIRCUITS ON THE VIBRATOR PRINT 


Objective 


To learn the operation of synchronous and non-synchronous vibrators. 


Average Time Required: 


References: 


Equipment, Tools & Materials: Pencils of three different colors. 


NOTE: This job must be done by each student independently. Each partner should 
trace his own print. Credit is given for this job only for individual work. 


Do not mark voltage polarities on this print, simply trace the electron flow. 


Procedure Steps: 


1. Number the part Fig. 1 and give the name and purpose of each part on the job 
report sheet. Use the numbérs you have assigned when listing information on the 
job report sheet. 


2. Use a colored pencil to trace the electron flow in the magnetic coil circuit. 
3. Use a different color to trace the flow in the primary circuit of the transformer. 


dy, Use still another color to trace the flow in the secondary circuit of the trans-., 
former. 


5. Fill out the job report sheet and have the job checked by an instructor. 


6. Copy the questions for the job on vibrators which are assigned to you by the in- 
structor, answer them, have them corrected, and turn in the job sheet only at the 
trouble shop. 


~. Get your job report sheet back from the file, show it to a shop instructor, and 
get a second punch on your card. 


8. Proceed to the next job. 
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VIBRATOR TESTING 
Ob jective 
To learn how to test vibrators to see if they are in operating condition. 


Average Time Required: 


References: 


Equipment, Tools & Materials 


Kit of vibrators issued at third floor stockroom. 


NOTE: Do not attempt to test vibrators until you have had a demonstration by an 
instructor. 


Procedure Steps 


1. Secure a requisition for a kit of vibrators and obtain same from the third floor 
stockroom. 


2. Test the vibrator on the vibrator tester located in the Radio Service Department. 


3. The vibrators are numbered and this number should be used when listing the result 
of the test on the job report sheet. 


4, The following test should be made ané listed on the job report sheet. 


a. Source d-c voltage 

b. Primary d-c amperes. Current drain from source, in amperes. 

c. D-c voltage output and current output in milliamperes. 

d. Short test. 

e. Indicate whether vibrator is good or bad after comparing the readings obtained 
with standard ones posted on the vibrator tester. 

f. Use the reverse switch and note results. This will indicate whether or not it 


is the reversible type. 


5. After all the vibrators in the kit have been tested in this manner and the results 
listed on the job report sheet, have the job checked by an instructor. 


6. Copy the questions for this job issued to you by the instructor, answer them, have 
them corrected, and turn them in at the trouble shop. 


7. Get your job report sheet back from the file, show it to a shop instructor, and 


® 
get a second punch on your card. 


8. Proceed to the next job. 
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Objective 


. To gain experience in aircraft receivers which have dynamotors as a power supply. 


Average Time Required: 


References 


Equipment, Tools, & Materials 


Aircraft receiver 

. Volt-ohmmeter 

Signal generator 

Universal resistance and voltage sheet 


a a © OE NO 


NOTE: These receivers operate on four storage batteries connected in series. 
Procedure Steps 
1. Make the test to see if it is safe to operate the receiver. 


NOTE: The voltage readings in this receiver should be taken from the top of the 
chassis after removing the tube. Remember that the numbering will now be 
opposite to the numbering when taking the reading from the bottom of the 
chassis on the tube scoket. These readings are taken from the top because 
the parts are mounted directly over the sockets in the chassis which makes 
it impossible to apply the probes from the bottom. In the field, an analyzer 
could be used to good advantage. 


2. Take voltage and resistance tests and record same on the Universal resistance and 
voltage sheet. 


3. Indicate the steps on the job report sheet. 


4, Have an instructor put the set out of alignment. 
5. Align the set. 
6. Indicate the steps on the job report sheet. 


7. Have the job checked by an instructor. 


8. Copy the questions for the job issued to you by an instructor, answer them, have 
them corrected, and turn in the job report sheet to the trouble shop with the re- 
ceiver you have worked on. 


9. Get your job report sheet back from the file, show it to a shop instructor, and 
get the second punch on your card. 


10. Proceed to the next job. 
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Job No. 16 | Radio Service 


AUTO RADIO TROUBLE SHOOTING 


Ob jective 


To gain experience in locating and repairing automobile radio troubles. 


Average Time Required: 


References: 


Equipment, Tools & Materials 


lL. Eyuipment to be used for testing. 
2. Auto radio with trouble in it. 


Procedure Steps 
1. Test the tubes. | 2 


2. Remove, tubes, vibrator, and pilot lamp. Check with an ohmmeter to see if there 
is a short in the ‘A" line. 


3. Take the regular reading from "B" plus to "B" minus to see if it is safe to plug 
in the set. 


4. Take a socket voltage test of the entire receiver. If you get no readings any- 
_ ‘where, the trouble is in the power supply. : 


5. If the socket voltage test does not reveal the trouble and the set is dead signal 
trace by using any of the methods studied. 


6. Fill out the job report sheet as you go along and list all steps. 


7. When you have located the trouble, call an instructor and have the job checked. j 
8. Copy the questions for the job assigned to you by the instructor, answer then, 
have them corrected, and turn them in at the trouble shop with the receiver you 
have worked on. 


9. Get your job report sheet back from the file, show it to a shop instructor, and 
get a second punch on your card. 


10. Proceed to the next job. 
| 
NOTE: All auto radios must be turned back to the repair shop after each shop 
period. Do not hold them for the next day even if you have not found the 
trouble. 
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TROUBLE SHOOTING ON AUTO RECEIVERS 
Ob jective 


To gain additional experience on auto receivers. 


Average Time Required: 


References: 


Equipment, Tools & Materials 


1. Equipment to be used for testing. 
2. Auto radio with trouble in it. (This Should preferable be another type or make 
from the one you had before.) 


NOTE: When shooting trouble in auto receivers, use the method you think best to 
locate the trouble. List the method used and the equipment used for solving 
the trouble. 


Procedure Steps 
1. Test the tubes 


CAUTION: If the set has the pin type tubes, do not wiggle them back and forth 
to get them out of the socket. If you do, you may break off the tube 
pins. Pull the tube straight out or use a screwdriver to wedge them out. 


2. With the tubes out of their sockets, remove the vibrator and pilot lamp and check 
with your ohmmeter to see if you have a short in the "A" line. 


3. Take the regular reading from "B" plus to "B" minus to see if it is safe to 
operate the radio. (The student must pay for any fuses that he blows out.) 


4, Take a socket voltage test of the entire receiver. If you get no reading in any 
of the elements,the trouble will be found in the power supply. 


5. If the socket voltage test does not reveal the trouble and the set is dead, sig- 
nal trace by using any method given in class. 


6. Fill out the job report sheet as you proceed with the job. List all steps and 
results. 


7. When you have located the trouble, call an instructor and have the job checked. 


8. Copy the questions for the job assigned to you by an instructor, answer them, 
have them corrected, and turn them in at the trouble shop with the set you worked 
on. - 


9. Get your job report sheet back from the file, show it to a shop instructor and 
get a second punch on your card. 


10. Proceed to the next job. 


TA-RS-4:7 Coyne Electrical School LTS 


Job No. 18 ) Radio Service 


GENERAL TROUBLE SHOOTING 


Objective 


To gain additional trouble shooting on any receiver available by any method you wish 
to use. 


Average Time Required: 


References: 


Equipment, Tools & Materials 


lL. Equipment to be used for testing. 

2. Radio with trouble in it, or it can be your own set brought in from the outside 
that you want to repair. We limit this to one per student. Have the set checked 
in when you bring it in and check it out when you leave. This is done for your 
own protection. | 


Procedure Steps 


1. Go about this job just as you would if you were servicing the radio in your own 
shop or working for someone else in the field. 


2. List all the steps used on the job report sheet. 

3. Have the job checked by an instructor. 

4, Copy the questions for this job assigned to you by the instructor, answer them, 
and have them corrected. Turn in the sheet only at the trouble shop. If the 
set belongs to you, indicate that fact on the top of the job report sheet. 


NOTE: No credit will be given unless the entire trouble shooting procedure is 
followed and job reported in the regular manner. 


Any parts, tubes, etc., that you will need for servicing your own set will 


have to be procured on the outside. Coyne does not sell parts. We cannot 
supply parts to use in testing by substitution. 
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SIGNAL TRACER CIRCUITS (Model 200) 
Precision Electronics Ae ee 
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LF. 455 KC 

BAND SWITCH SHOWN IN PHONO 

(COUNTER-CLOCKWISE)POSITION. 
CHASSIS L. 


O-RADIO) 20,000 A PER 
5 T 
ene! | VOLT METER. (VOLTOHMYST) 


UNDERSIDE OF CHASSIS 


RESISTORS 
Description 
12,000 Ohms 5 Watt 
150,000 Ohms ¥2 Watt 
470,000 Ohms 12 Watt 
10,000 Ohms 2 Watt 
22,000 Ohms 12 Watt 
10 Megohms 12 Watt 
1 Megohm 12 Watt 
2 Megohms, Tone Control 75B1-5 
27,000 Ohms 2 Watt 60B8-273 
1 Megohm, Volume Control 75B2-1 
Tapped at Approx. 500,000 
‘ohms 
270,000 Ohms 2 Watt 
470,000 Ohms 12 Watt 
1 Megohm 12 Watt 
390 Ohms 1 Watt 
10 Megohms 12 Watt 
100 Ohms 12 Watt 
47,000 Ohms 2 Watt 
100,000 Ohms ¥2 Watt 
270,000 Ohms 2 Watt 
100 Ohms 2 Watt 


CONDENSERS 

Description 
1,000 Mmfd., Mica 
140 Mmfd., Silver Mica 3% 
25 Mmfd., Silver Mica 3% 
100 Mmfd., Mica 
50 Mmfd., Mica 
.05 Mfd., 400 Volts 
65 Mmfd., Silver Mica 3% 
420 Mmfd., Silver Mica 2% 
20 Mmfd., Mica 
65 Mmfd., Silver Mica 3% 
200 Mmfd., Silver Mica 2% 
.1 Mfd., 400 Volts 
250 Mmfd., Mica 
1,000 Mmfd., Mica 65B7-33 
.02 Mfd., 400 Volts 64B1-24 
.01 Mfd., 400 Volts, Condenser 64B1-25 


Part No. 
61Al1-1 
60B8-154 
60B8-474 
60B20-103 
60B8-223 
60B8-106 
60B8-105 


60B8-274 


60B8-101 


Part No. 
65B7-33 
65B1-26 
65B1-28 
65B7-17 
65B5-11 
64B1-22 
65B1-27 
65B1-13 
65B7-5 
65B1-27 
65B1-14 
64B1-20 
65B7-22 


MEASURED ON II7 
A.C. LINE. VOLUME 
CONTROL AT LOW 
ST VOLUME. 
NO STATION — 
TUNED IN. 
RADIO READING 
TAKEN WITH — 
BAND SWITCH IN 


POINT INDICATED 
AND CHASSIS. 


CONDENSERS (Cont'd) 


Symbol Description Part No. 


C18 -01 Mfd., 400 Volts, Condenser 64B1-25 
C19 .OF Mfd., 600 Volts, Condenser 64B1-10 


30 Mfd., 350 Volts 
20 Mfd., 25 Volts 
3-40 Mmfd. 
3-40 Mmfd. 
3-40 Mmfd. 
3-40 Hrebit ey 
3-40 Mmfd. : 
3-40 Mmfd. ¢ frimmer 
100 Mmfd., Mica 

1,200 Mmfd., Mica 65B5-34 
100 Mmfd., Mica 65B7-17 


TRANSFORMERS and COILS 


Description Part No. 
Antenna, Loop AC104 
Coil, S.W. Antenna AD116-1 
Coil, B.C. Antenna 
Coil, B.C. R.F. 
Coil, S.W. R.F. 
Coil, S.W. Oscillator 
Coil, B.C. Oscillator 
Transformer, Ist I.F. 
Transformer, 2nd I.F. 
Transformer, Power 
Transformer, Output 
Choke, Filter 
Choke, Oscillator Cathode 


30 Mfd., 350 Volts 
67C6-25 


66A1-5 
66A1-5 


66A1-5 
65B7-17 


Trimmer 


Trimmer 


74 
AB103-1 
SWITCHES, PLUGS and SOCKETS 


Description 
Socket, Phono 
Socket, Speaker . 
Socket and Cord, Phono Motor 89A6-3 
Switch, Antenna 76B1-3 


87A6-1 


76B1-2 
76B1-1 
77B1-44 


Switch, Oscillator 
Switch, R.F. 
Switch (on-off) S.P.S.T. 


Coyne Electrical School 


CHASSIS 7 Ss T 


, 


) 
(2) 


PHONO MOTOR 


RECORD CHANGER SERVICE DATA 


Corplete service information and parts lists for 
record changers are contained in separate manuals. 
Check record changer for model number. Reference 
should then be made to the proper manual for all 


record changer service information. 


MISCELLANEOUS 


Description 


Background, Dial 

Bulb, Pilot Light No. 47 

Button (For Phono switch button) 

Cable and Plug, Shielded 

Cord, Dial (64” approx.)......ccccccossees 50A1-3 

Drum, Dial 

ee a © | a ree 

Escutcheon, Switch 

Knob, Tuning 

Knob, SW, B.C., Phono 

Knob, Tone 

Knob, Volume 

Pin Tip, Antenna (Large) 

Pin Tip, Antenna (Small) 

Plug, Speaker 

Plug, Phono Output 

Pointer, Dial 

Slug, B.C. Tuning—Specify color 
code when ordering 

Slug, S.W. Tuning—Specify color 
code when ordering 

Socket, Dial Light 

Socket, Speaker 

Speaker 

Spring, Drum Tension 

Stud, Slug adjusting 


PHONOGRAPH PARTS 


See Record Changer Service Manual for 
Detailed Parts List. 
Description 
Centerpost 
Crystal Cartridge 
Idler Wheel (407B3 Motor) 
Idler Wheel (407B2 Motor) 
Idler Wheel (407B1 Motor) 
Motor, 60 cycle 115 volt, A.C. 
(Types 407B1 & 407B2 also used).... 


Part No. 
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1207 35L66T/G 
2N0-.DET. AVC.IST. AUD. ouTPUT 


l2SJU7 12SA7 
R-F, AMP. IST. DET-OSC- 


ALTERNATE FILTER CIRCUIT 
USED ON EARLIER MODEL. 


ToPIN: === 
0! TOB+ RI3 
mre ggg Ace 1 ® O—-@ DDO D-D O—@ 
62) 
CHASSIS GROUND ~ | | swi 12807 I28A7 12SU7 I2SK7 35L66T CIS 


LF. 455 K.C- TO B= es 


NOTE: 1. In later production R14 and Cl3a are disconnected from 2. The jumper between pins 4 and 5 on the 12SQ7 is removed and one pin is con- 
pin #8 of the 35Z5 and a 33-ohm IW resistor (R16) is nected to the secondary of the second I.F. (L5) and the other pin is connected 
connected from pin #8 to the junction of R14 and Cl3a. directly to the junction point of R5 and the secondary of the Ist I.F. (L4). 


CONDENSERS RESISTORS VOLTAGE DATA:— 
Symbol Capacity Type Symbol Resistance Type 
Ee OOS Mid” cicccvecsics 600 V. a) ee 10,000 ohms _........... ClY2W a 35Z56T l2SK7 83 88 SOLAGT 
C-2........785. a Mica an 10 meg ohm ....CV2W Fy ACTONGT Ve Z2 O_o 12SQ7 
CSc 05 mid vessene 400 V. Bcc: 22,000 ohms .......... ClY2Ww eo S69 O36 (5M @ ee 
Choon 02 mid vesccscooe 400 V. a 100 ohms oss... CY2W oN Qs 5 as OM Axe 
oo. re 50. PTF cavscccessse Mica or 1 meg ohm ....CV2W 65 24 O"X@Q7 8 5g ae KO we OY? 
ee a Mica R-6..ss00- 47,000 OhMS wees Claw an 0 AL 5519 Oh-s 
a ce eee 400 V. R-Zesssssee 27,000 Ohms .-ss0000 CY2w 3 Se a. 
a a rr 400 V. a 500,000 ohm Volume Con- ° 
oo ae) > ee 400 V. ae Tapped, at he pre + 
of Rotation which is 1 eS 5. 

See ge 100,000 ohms and 200,000 ° FRONT OF CHASSIS 
UU ccccve . ITNT ncevvccccces ° ohms from the start, due : : : 
C-12...... 02 md wnrrsoee 400 V. to the taper). Bottom View of Chassis, Showing Voltages. 
C-13a.... 30. mfd_ Elect....150 V. ae 5 meg ohm ....Cl/2W 
C-13b.... 30. mfd_ Elect....150 V. R-10......270,000 ohms .......... Cl2W —All readings made between Tube Socket Terminals and 
C-13c.... 20. mfd_ Elect....150 V. R-11......470,000 ohms ois... cy2W Switch Lug on volume control (Point “X” on drawing). 
a oe .05 mfd ervevccveves 400 V 5 150 ohms _........... Clow , 
2s |. een | ences 400 V R-13......150,000 ohms xe... ClY2W- —Measured on a 117 Volt A.C. line. 
C-16......250. mmfd  ....csceeees Mica R-14...... 150 Pes CIW 
C-17 100 Vr cessessssee 200 V. R15... 1,000 OHMS oonccsscssne cIw —Volume control full on. 
C-18...... 20, mmfd  ..rseeseee Mica Ris. SS CHIME cncisminee Cc1W —Dial tuned to low frequency end, no signal. 
C-19a....420. mmfd (max)..Var. ee : 

mmfd (max.)..Var. —Voltages indicated obtained on Vacuum Tube voltmeter. 


mfd_ Elect....150 V. 


aks 
wD — 
oO 
ae 
ae eS 

© 
$s 


—A second voltage reading is shown made with a 1000 


Le eee ohm-per-volt meter when use of this instrument would 
COILS result in appreciably lower readings. 

Symbol Description 

Belch aSs Bek CNG) scccaicniinne Loop 

L-2....(2.5 OhMS)..cccsseesees. R. F. Coil POINTER SETTINGS AND DIAL CORD STRINGING 

a Dike sopuigaovajuegaianttoenendiakiaaia Ose. Coil 

L-4 ecvveccccoceccccosossesces be : : “ab (See Section on “Dial D . 

Eo ee : Choke Filter Position” on Reverse Side.) GANG OPEN 

-6....(325 ohms)........ 7 eee 


© 


SPECIFICATIONS 


POWER SUPPLY:— 


110-120 Volts A.C. or D.C. 
Frequency 50-60 cycles. 
Power Consumption—30 watts. 


CIRCUIT:— 


Chassis 6Al A.C.—D.C. 6 Tube Superheterodyne, with RF. 
stage; Single tuning range, 540 Kc. to 1630 Kce., covering 
standard broadcast band; built-in AEROSCOPE loop an- 
tenna, with provision for connecting an external antenna. 


POINTER EXTREMES 
INDICATED BY HOLES IN DIAL BACKGROUND 
600 KC.SETTING 1400 K.C. SETTING 
INDICATED BY DOT NEXT |/INDICATED BY DOT NEXT 
TO CORRECT CHASSIS NO.}/ TO CORRECT CHASSIS NO, 


DIAL BACKGROUND 
(SHOWN TRANSPARENT ) 
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cHassis—5BI A_PHONO 


Refer to 5B1 Manual for Models 
without Rotary Phono-Radio Switch. 


LPs 455 K.Cc. 
CHASSIS GND. 


S5Z5G6T 


NO AC. 


CONNECTION FOR SwiTCn® 7728 
OOOE RETURN 
Leao 


D) AC LINE SWITCH MOUNTED 
OW PLATE GEmNOG) WAFER 


REAR VIEW 


SOL6GT 


12SQ7 I2SAT I12SK7 SOL6GT 


Bottom View of Chassis, Showing Voltages 


REPLACEMENT PARTS 


CONDENSERS 


Description 


.1 mfd., 200 Volts 
{d., Mica 
mfd., 400 Volts 
mfd., 400 Volts 
mfd., 400 Volts 
mmfd., Mica 
mmfd., Mica 
.02 mfd., 400 Volts 
30 mfd., 150 V. 


30 mfd., 150 V. }tecronti 


20 mfd., 150 V. 

.1 mfd., 400 Volts 
05 mfd., 400 Volts 
.005 mfd., 600 Volts 
.00042 mfd., Gang 
.00018 mfd., Gang 
15 mmfd., Mica 


RESISTORS 


22,000 Ohms, 1% Watt 
1 Megohm, % Watt 
10 Megohm, % Watt 
220,000 Ohms, 2 Watt 
470,000 Ohins, % Watt 
150 Ohms, 4% Watt 
140,000 Ohms, Y%, Watt 


Part Number 


64B1-30 
65B7-11 
64B1-24 
65A3-10 
65A3-10 
65B7-22 


65B7-27 


64B1-24 
67A8 


64B1-20 
64B1-22 
64B1-12 
68A2 or 
P4975 
65B5-3 
65A3-10 
65A3-10 
64B1-22 


67A3 


60B8-223 
60B8-105 
60B8-106 
60B8-224 
6O0B8-474 
60B8-151 
60B8-154 


RESISTORS 


Description Part Number 


1, Megohm, Volume Con- 
trol and Switch. Be gaa 
at approximately 100,000 
and 200,000 ohms from 
start. 

47,000 Ohms, 14 Watt 

27,000 Ohms, 2 Watt 

150 Ohms, 1 Watt 

1,000 Ohms, 1 Watt 

33 Ohms, 1 Watt 

10 Meg., '2 Watt 


TRANSFORMERS and 


Antenna, Loop 
Transformer, Ist I. F. 
Transformer, 2nd I. F. 
Oscillator, Coil 

Choke Coil (Filter) 
Transformer, Output 


PHONOGRAPH PARTS 


See Record Changer Service Manual for 
Detailed Parts List. 
Description 

Centerpost 

Crystal Cartridge 

Idler Wheel (407B3 Motor) 

Idler Wheel (407B2 Motor) 

Idler Wheel (407B1 Motor) 

Motor, 60 cycle 115 volt, A.C. 
(Types 407B1 & 407B2Z also used) 


75B3-2 
60B8-473 
60B8-273 
60B28-1 
60B28-2 
60B28-3 
60B9-106 


Part Number 


Coyne Electrical School 


CONNECTION FOR SwiTCH#77Aa1 
TO vOLumEe CONTROL 


TOP VIEW 


ALTERNATE FILTER 
_ CIRCUIT USED. 


LS 
3525 
er dege lege 


TO B- 


—All readings made between Tube Socket Terminals and 
Switch Lug on volume control (Point “X” on drawing). 


—Measured on a 117 Volt A.C. line. 
—Volume control full on. 

—Dial tuned to low frequency end, no signal. 
—Voltage obtained on Vacuum Tube voltmeter. 


—A second voltage reading is shown made with a 1000 
ohm-per-volt meter when use of this instrument would 
result in appreciably lower readings. 


MISCELLANEOUS 


Description Part Number 


Background, Dial 
Buttons, Snap (Dial) 
Cabinet Body less cover 
(6RT41A Mahogany) 
Cabinet Cover (6RT41A Mahogany)... 34D2-10 
Cover Support 


Drum and Hub Assembly 

Grommet, Rubber Insulating 
Grommet, Rubber for Drum 

Knob, Tuning, Volume Control 
Knob, Radio-Phono Switch 

Pilot, Lat ING. OG scscctictescsetestsosessinascinie 
Pilot Light Socket and Leads 

Plug, Button 

Plug, Alden (Motor Leads) 

Pointer 


“Socket and Leads (Alden) 


Socket, Octal Tube 

Speaker, 5” PM & Output Transformer 78B13-1 
Spring, Dial Cord Tension 

Switch Rotary Radio-Phono 

Transformer, Output 

Washer, Flat Insulating 

Washer, Offset Insulating. ...................... 
Washer, Spring 


PHONO 


: | Cc cHassis—5) It 


LF. 455 KC. | | CHASSIS GROUND + 


SOL6GT 


G7 3) C8 


age} 
tT. 


35Z56T vin 
cis 
<~ Pe 3 ALTERNATE FILTER 
Riz CIRCUIT USED ON 
ie Oey EARLIER MODEL: 
TO PIN 
ca] _ca] ce 8 Acar, OB t 
3825 ]¢20 lceo 
——® ®—-@ O—®D ©—@) @ ; a b 
12SQ7 I2SA7 12SK7 SOL6GT | | 
OFF ON | TO B- 

NOTE: 1. In later production R11 and C9a are disconnected from pin 2. The jumper between pins 4 and 5 on the 12SQ7 is removed and 
No. 8 of the 35Z5 and a 33-ohm 1-watt resistor (R13) is one pin is connected to the secondary of the second I.F. (L3) and the 
connected between pin No. 8 and the junction of R11 and C9a. other pin is connected directly to the junction point of R2 and the 
In these sets, condenser C18 was deleted. secondary of the Ist I.F. (L2). 


NOTE: Connect points “A” and “B” with jumper when testing chassis with phono plug removed. 


CONDENSERS RESISTORS VOLTAGE DATA 

Symbol Capacity Type Symbol Resistance Type 35Z5GT 
— ee ae eee 200 VV. Renn 22,000 ohms oeeansee C¥4W 0 SOL6GT 
C2 ...... .00005 mfd. ................ Mica Réucac 1 megohm _...... CYW 12SQ7 
C3 ..... .02 mfd. ..........-.-. 400 V. a 10 megohms ......C’AW 
Ch ua Ol a 400 V. er 

; R4......220,000 ohms ............CHW 
ee | fo re 400 V. 
Cé fe | nn Rien RS......470,000 ohms .......... -C%W 
i —— he: | Mica RG... Ochms ........... C4W 
€s ..... .02 a ..400 V. R7......150,000 ohms _ ............ CY4W 
C9a ....30. mfd. (Elect.) 150 V. Ree yy megohm Volume 
C9 ....30. mfd. (Elect.) 150 V. Control. Tapped at 
oe mat ary (Elect.) aa on and 206, 
et Os’ mid, any. ta ig i FRONT OF CHASSIS 
oS | a ne 600 V. R9...... 47,000 ohms _............ C4hW : ; P 
Cl3a .. .00042 mfd.(max.) -...Var. R10.... 27,000 ohms ..........+- C%4W Bottom View of Chassis, Showing Voltages 
C130 « .00018 mfd. (max. ) woe Val. Rll 150 ohms C1W 
Cid... [00002 mid. Mica R12” 1,000 ohms IW 
Cie ee 1 cn ae ee ee CiW —Al]l readings made between Tube Socket Terminals and 
= | ar mala. latices 400 V. Switch Lug on volume control (Point “X” on drawing). 
le = ena mid —e 3 —Measured on a 117 Volt A.C. line. 
aU, meat SE, “sd meriei 150 V. —Volume control full on. 

COILS —Dial tuned to low frequency end, no signal. 
—e - — —Voltages obtained on Vacuum Tube voltmeter. 
escri on . ° ‘ 

ee ees, ae : Lees —A second voltage reading is shown made with a 1000 
Ea Ist 1. F. Trans ohm-per-volt meter when use of this instrument would 
SR ss 2nd I. F. Trans result in appreciably lower readings. 
a ee Osc. Coil 
Ths. ueceeliaaicdeiiakuniisiamelicaune Choke, Filter 


RECORD CHANGER SERVICE DATA 


Complete service information and parts list are covered 
POINTER SETTINGS AND DIAL CORD STRINGING by a separate service manual. Check record changer for 


model number. The RC150 was used by all models having 
serial numbers below 500,000. 


NOTE:DIAL CORD AND POINTER SHOWN IN SOLID LINES 
ARE IN CORRECT POSITION WHEN VARIABLE 
CONDENSER GANG P-4975 IS USED, WHEN GANG 

68A2 IS USED,TO COMPENSATE FOR THE REVERSE 

ROTATION, THE CORD AND POINTER ARE STRUNG 

THE SAME EXCEPT AS NOTED ON THE ADDITIONAL 


THIS METHOD THIS METHOD 
U 


SE WITH 
68A2 GANG COND. 


USED Wi 
P4975 GANG COND. 


RADIO RECEPTION DURING PHONO 


It. is normal for strong radio stations to be heard faintly 
when switched to PHONO, unless the radio dial is tuned 
between stations. This interference can sometimes be re- 
duced by moving condenser C4 as far from the 12SQ7 
socket and as close té the chassis as possible. Also move 
the I.F. transformer wire, connected to pin 4 or 5 of 12SQ7, 
as far from condenser C4 and as close to the chassis as 
pessible. 


600 KC.SETTING 1400 KC. SETTING 
INDICATED BY DOT NEXT] [INDICATED BY DOT NEXT 
TO CORRECT CHASSIS NO.} [TO CORRECT CHASSIS NO. 


POINTER 
EXTREME 


DIAL BACKGROUND 


(SHOWN TRANSPARENT ) 
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[PARTNO. | | DESCRIPTION [PART NO| 


TA-RS-47 


MODEL-— 5051 


35Y4 SOAS |14A7 14Q7 1486 


 Reetieteestienstinentinstietietitieestiatie late te tliat ented | 


HWO-I2S5 Vv. AC.OR DC. 


CHASSIS NO. 20! 
SD —5t 


DESCRIPTION 


2MEG RESISTOR 2 W20/ 
470M*RESISTOR 12 W 207, 
ISOX RESISTOR |-2W20Y, 
47 © RESISTOR 2 W 207, 
2200 RESISTOR 1-2W 20% 
33M*RESISTOR '-2W20Y, 


za 
i 


OS MFD. COND. 400V,, 
C-2]/.000!1 MFD.MICA COND. 20% 


C-4| 420 MFD) is0 v. eLectrourtic 
C-S5| ZOMFDJ CONDENSER 
C-6|.COOSMFD. COND. 20% 
tOOOOS6 MFD. MICA 20% 
IMFO, COND. 400 V. 
LOOP ANTENNA 
220M I/2W 20% 


GANG CONDENSER 


ANT. TRIMMER COND. 
47M #& 1/2W 20% 


MODEL-5003-4-5-6 
CHASSIS 103 


l2SK7 


Jor CHASSIS GROUND. 
Ho- 


DRAWN BY’ RGS. 
APPROVED BY: 
DATE: 12-17-46 


3.9MEG. RESISTORV2W 20 


-0005 MFD MICA. CONDENSER. 
3900 RESISTOR. I/2 W 10 ‘ 


40MFD) 

40MFD ISOV ELECTROLYTIC 
OOOOSMFO.MICA CONDENSER 
.OIMFOD CONDENSER 400V 


OSC COIL 


LINE CGRD. 
PILOT LITE *47 
INPUT LF TRANSFORMER 


\ 
IMEG. VOLUME CONTROL 
2000 -- RESISTOR. | W.10 
2.MEGA RESISTOR. 1/2W 20 
220M-LRESISTOR V2 W 20 

75-—-~ RESISTOR 2 W.10 
-OSMFD. CONDENSER 400 V. 
.LMFO. CONDENSER. 400 V 
.OOOIMFD. MICA. CONDENSER. 
.0OS MFO CONDENSER 400 V 


SPK TRANSFORMER 
VOICE COIL 
PM SPEAKER 


Knight Radio - 


Coyne Electrical School 


IPART NO.| =| DESCRIPTION 


osc. COIL 
INPUT LF. TRANSFORMER 


VOICE COIL 
S | RM. SPEAKER 
PL |#47 PILOT BULB 
A.C. SW. ON VOL, CONTROL 
-LINE CORD 
14Q7 I4A7 14B6 SOAS 35/74 
3.3MEG. 1/2W. 20% 
OOSMFD. 600 V 


12SQ7 


SRI] SELENIUM RECTIFIER 


Allied Radio Corp. 
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| 
C-5 
| 47MMF. 4 
| i © J 
3B C6 5 / 
| j < | 500K.a / 
| ‘ 36 : LF. 455 KC c)i4 x 
ee / 
eee See eS ae | aad y 
NOTE: | X - 
CHASSIS GROUND ONLY, 35Z5GT fy 
NOT EXTERNAL fee ee RECT 
x ALL POINTS MARKED “X” RETURN TO THIS POINT =) Ls ae | 
oa 7 R-16 ay: 
/ wb 15000. 
R-14 12SJ7 12SF7 12SK7 12SA7 35L66T ]3 27n \\ rp AF choo ~ 
270Ka. 2 AJ 2 N 7 2 y TO B Cj20c 
ray Gy R15 39n fs 254 Sey] Be ¢) 50] MF 50] MF 
yd WI" : . ' — 
mome C-23 x #47 PILOT LIGHT 
0.1 MF ¥ 
OON-OFF 
SWITCH 


12SK7 12SA7 
R.F MIXER 


STANDARD TUBE SOCKET SYMBOLS 
De—DIODE PLATE Hr—HEATER TAP 
G—CONTROL GRID K—CATHODE 
Ne—NO CONNECTION 
P—PLATE 
S—METAL SHELL 
Sc— SUPPRESSOR GRID 


Ga—ANODE GRID 

Go—OSCILLATOR GRID 
Gs— SCREEN GRID 
H—HIATER 


12SA7 
MIXER [&¥) 


66asu 


CaS 


SATING 
we | 
pi | 


C28 470 
T° MF 
X 


S5L6GT 352Z5GT 


OUTPUT 


1.F.& 2ND DET. 


12SJ57 
IST A.F. 


12SF7 12SJ7 
1.F. -2 no DET. 


— 35L6GT 
OUTPUT 
ae 


AUDIO C15 wey 


2 


1GRN. 


4100n OL CH ™ 
3 
= 
—v) 


R-8 


TUBE SOCKET VOLTAGES 


Socket voltages are shown on the schematic diagram ar the 
tube sockei terminals. All voltages except those for the 
heater and dial lamp are between the socket terminal and 
“X” point. 

The readings were taken with a 1000 ohm-per-volt meter 
dnd all plate and screen voltages read on a 500 volt scale. 
Conditions of measurement are: 


BD | ee ns See nes 117 volts AC 
ba |: a ee a ee maximum 
ii: Se co cer eee none 


A variation of +10% is usually permissible. 


MODELS 74WG-1509A, 74WG-1510A 
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WIRING DIAGRAM FOR YOUR RADIO 
6SQ7GT 


DET. - AV.C.- A.F. 
SSREST _.00001_ 9003 $e: THARSL atl 


300M | 
VOLUME!) 
— — — CONTROL 


SPEAKER 
FIELD 
000 


% - PART OF T2 Y - PART OF 4 


Tube sockets are viewed from under side of chassis. 
Voltage reading shown at socket prongs are to 
chassis, And are taken with no signal, Where no 
reading is given. The voltage is Zero or too low to 
read. 


"A" Battery = 6. volts Current Drain = 6.5 amperes 


SILVERTONE RADIO 
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